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I'TiOLUCTION,

This Theeis is a discussion of the results shown by
qdym of several wator saxples colleoted from the water supply
of South Haven,lifichigan at various times during the month of

April 1911,and of data ocollected oonoerning the management and
operation of the water system of that ocity.Since 1t was previ
oualy mown that an au:omqu high case and death rate of
Typhoid Fever existed,the investigation was undertaken with the
objeot of deotermining whether suffiocicnt evidence oould de ool-
lected to acoridbe this to the water suprly and if o to discuss
the posidility of improving the same,Other data was also ool
looted to determine the aonditiom of the plant send ite adequacy
for the requirenents.

The writers here wish to thank lir.lo Ewing,the Super-
intendgnt of Public Works and ¥r Ocoblook the Engineer st the
plant for their kindnoss and assistanoe in colleosing the data.
Also Dr.Holm of the State Board of Health for the analyses of
the water semplor.

Nearl:; i1l the facts givem in the following discuss-
ion were obtained from the various suthorities on Vater supply
Engineering and are here made reforence to as swhole rather/«n
soparatoly in the discussion.

Fublio Wator Supplies. Turnesure and Ruasel.

Tator Supply Engineering, Follwell.

Clean Uator and How to Get It. Hagen,

Seworago. Folwell.

Sewage Dinponlg a Bogmimt Winslow Pratt.



Water Examination lason.
Sewage Disposal Rideal.

Engineering News.
Transaotions of Averican Society of 0ivil Engineers.
The following was followed in considering the 4if-
ferent phases of the subjeot,
Sourco Fxhaustibility,
Purity.Nature and source of impurities.
Phant Pumping station
Reservoir
Pipe 1ine system
Service Purity of water furmished
Quantity
FMire protection
Waste and leakage

Finances First ocost
Meth#d of payment of firss cost
S8inkingz fimd
Rates
Recommendations for improvements Source
Pumping
Purification
Measurement

Fire protection.






SOURGE OF WATER SUPPLY,

The water supply of South Haven is odtained from
Lake Michigan through a-twenty inch cast iren intake pipe extendg
ing into the lake about 2600 feet, The orid at the end of the
intake and the well &t the pumping station are as shom in plates
7 end 8, This pipe 1ine runs parallel to the government piers
at the mouta of the Black River amd sdout 185 feet south of the
south pier, The bearing of the intake and piers is nearly
8 700 ¥, The intuke ends in about thirty feet of water end is
a 1ittle distance beyond the sand bar.

EXH..UsTIBILIZY

As far as exhaustidility is concoerned there is ean
unlimited supply of good,flear water of good taste,without odor
and free from objeoticnadble ohericals. There are however two
serious drawbacks to this source of supply. One is the diffioculty
of keeping the intake free from sand. The other is of a more
serious nature and oconsiste of the contamination of the water
by sewage and the danger to the pubdlic health from drinking
the water from this source. The former is only a preodblem to de
mot in the operation of the plant while tho latter is of more
seriocus oconsegquence. Thie 18 the prodlem that will now de dealt

with
* The following plate showe the relative pesitions of the

river mouth,piers,and intake oridb. It also shows the direotion
of ¢t he natural lake ocurrents and the prodadble influence of
the piers and the current from the river upon them,






PURITY OF SOURCE

Bafore taking up the analyses of the water it was
thought advisadble to make a comparison of South Haven with
several other of the state in regard to the prevalence of Typhesd
Fever and of deaths Que to that ocause. The inromution noocessary
for making this comparison was obtained from the reports of the
Stats Board of Health The writers are indedbded to the compiling
office of this department for their assistance in collecting
the information.

The comparisons were made for the years 1904 to 1909
inolusive. The number of deaths ,the mumber of cases,and the
Population for each of the adove yemrs were obtained for five
oclties besides South Haven. The cities selected were,Holland,
Laneing,Grand Haven,Muskegon,and Ludington.These cities were not
seleoted with the idea of shewing how bad. South Haven 1s; dut
tecause the conditions seemed such that a fair comparison cou'd
be made. Two of these oitielinudington and Muskegon, obtain their
water supply from Lake Michigan while the others have wells
to furnigh the!s suprly. From these cities the number of cases
were also reported thus giving another means of comparison.

In several ocities only fatal casea were reported thus eliminating
them from any comparative atudy. The mumber of cases and deaths
for each of the several cities were all reduced to a basis of
casoa and deaths per 10000 population. In this way safe compariss

ons could be made.
In regard to the oase rate per 10000 the results

should not be given too much weight as there may dbe quite a

considerable difference in the care with which they are reported
4



Trom the different citise. In ordsr to odtain a chock upen
this, the mumbor of cases for the different years for Gouth
llaven were obtained doth from the oity Health Officer and from
the reocords of the State Doard of Hoalth, Thesns results cormare
od vury favorably so that 1t is beleived that the results for
the othor citier are fairly socurately r-portod,The following
tsble shows the populmtion,cuscs,and deaths due to Typhoid per
100090 of population for the soveral cltiss mentioned,

LislHO end CACLO of TYPHOIL VR

CIiY PUTSULASICN  CULLS DiATIG  LLANTS PER . YTAR
A 100000
£oo78 4 9 44,8 1704
21a04 13 11 23 Py 1906
LANLIRY o017 70 20 121 g P 1908
 ooie 31 3 13%.0 1007
24007 &R 15 62,5 1000
917 1) B¢ 61 ] 2440 1909
£9€6 10 1 11.2 1nr4
0210 6 1 10.€ 1007
LOLLATD orrg g 2 10, ¥ 1074
pa4p o 1 D0 1007
10142 7 1 1082 1000
10450 1 2 1042 1700



017Y POFULATION GASES DEATHS DREATHS PFR YEAR

20807 g5 o w7 1006
20017 30 e 28,7 1005
200357 10 14 83,8 1008
MUSKIGON 20086 1¢ s 14,4 1007
20076 10 ? 33,8 1908
20995 19 o 00,0 1000
7209 2 1 13,8 1004
v262 v 2 13,7 1005
7300 ‘ 1 15,9 1006
7320 1 1 13,8 1007
358 ¢ s 84,5 1008
7978 20 Y 945 1000
6299 2 0 0.0 1004
6363 o 1 10,1 1008
N 4 6 3 64,6 1006
HAVEN 8611 1 1 17.9 2007
o785 L 0 0?0 1008
6609 ¢ 1 7.1 1900
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CITY POPULATION  OASES DEAHS  DEATHS FER YEAR

100000
Srev 4« 8 13,9 1004
syop &0 1 94,9 1005
sovta O 21 2 80,0 1006
EAVER 304 %0 80,0 1007
soee ¢ 3 8.0 1908
5468 3g 1 24,8 1000
o700 88 3 Mo 1910
11008 04,0 0 361,0 2004
13488 21 21 183,0 1005
rocanasa 0T 14 n 08,7 1008
18360 53 28 228,0 1007
1004Y 8% 1 154, 5 1008
13038 44 20 £00,0 1909
142 8 e 00,5 1010

xnmwm.mm“wmm
reduoced to a basis of ossos P 10000 population, From these same

resilts curves have dbeen plotted in shich the horisontal speces
oF abscisse represmt the different years and the vertical speaces
or ordinates represent the mubher of cases per 10000 population,
" In order to avold oonfusion with S0 BEny CUIVes On One
sheet , the curve for South Haven was redrasn on & ssoond sheet

end two of the cities plotted on this sheet, the sgne seale deing
used on each sheet, v b



Case wate of typhoid per 10000 population for the fallowing
oities in Michigan,

YEAR LASSING BOLLAND KUSKEGOR LUDINGTON GR.EAVEN E0,BAVFE
1904 13,33 1,15 .05 2,64 3,88 ——

1005 6,18 Cod? 24,38 8,80 11,18 136,2
1008 86,78 8.57 €.2 8.47 10,98 = OS5
1907  19.48 8.12 o.? .97 1.7e e3.1
1008 229 8,8 9.1 5.48 8,90 108.0
1000  24,¢ 18,3 9.1 Bed 6,84 o6
7~ J— - - - - 18,4

.- —— By s T

The maber of Geaths due to typhoid fever hes been in

are given in the following table, These results have been plotted,

as shown 1in plates 3 and 4, in the same marmer as the ease rates ,
In order to meke a eompariscn of South Raven with the

averege of the entire state,the eurves on Flate 5 were dram,

The dettsd qurve showing e averages mmber of deaths per 0000
population for e entire state and the heavy full line showing
ths smme for South Hewen. Bines the ordinates of these curves
are draam 10 the ssme scale as the preceding eurves, & oomperiecn
oen be mede with all the other cities snd the average for the

entire state.
[



following cities of Miehigan,

1010

© e emmes e e e i b arn s

LANEING HOLLARD MUEBKLUON LUDINGTON OR.BAVIN

€e 48
8.18
.05
130
08,28
Be4

1.18
1.086
1,08
1,02
0,08
1,03

2, 87
2,86
3,36
1.0¢
3,88
0,00

1.38
.97
1,57
1,56
5,48
0.40

0,0
.01
B, 48
1.7
0.00
1.71

. A s e a2 T

Doaths per 10000 population due to typhoid fever in the

BOHAV:N
15,0
2,62
5,00
8,00
7.5
2.48
7.80
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"hile the following table is mot of particular value in
cormecticn with the question of the prevalence of typhoid in the var.
Sous oities 1t gives a comparison of the comditions during the year
19000 with the average of the five years previous,

In two of the oities, Ludingten and Holland, conditions
wore vores tham the sversge, while in the other four they were
more favoreble,

Comparieon of ‘00 with the average of ‘04 to ‘08,
C17Y POPULATIOR OAGSES DEATHS DEATHS PLR 100000,

00 26015 81 6 24
Av, %0408 22176 48 12 84,1
on‘-u

09 10436 16 8 10.8
AV, %0408 0554 B 1 10,6
w

‘00 20998 10 0 0,0
AVe '04-°08 00037 a1 e 28,7

!oog v5768 28 4 04,9
AV, '04="08 P00 4 ) 27,4
Gr, Haven |

‘oo 5059 < b § 7.1
AV, 0408 5487 ¢ 1 18,8
Gouth Havey,

‘39 s4ce %0 1 04,0

Av, '04-%08 2040

3
&

43,0
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e most striking difference is in the curves showing the mmder
of cases DA {000, From these it 1s seen that the oase rate is
soveral tires greater in South Haven than in eny of the other oitic
The noxt highest is Lansing, This is such a wide @ifference that
one 18 texpted to question the aocursey of the reports. But even
with a larpe faotor allowed for possidle srvers, tho case rate in
Gouth Haven 19 admormally Mipgh, This {6 further established by
& comparison of the death rate curves, The differencs in theso
18 not e0 videly marked dut on the whole the curves for
touth Heven are wuch Nigher than any of the others, that of Lansin_
being noxt in oxder,

Frcte theso conparisons it is quite ovident that doth the
oase rate and the doath rate are higher than any of the other
oitien, in faot 1t was foumd that there are only teo cities in
iohigan having a higher death rate from typhoid fever thsan
South Haven. These two citics are i‘scansde and Uysndotte.

The quostion will at omoe cowe up as to what is the couso
of this aoondition, Typhoid fever is an intestinal disease and
and t0 be contrected the typhoid dacilli must as & genersl rule de
taken into the dody with the food or drink, 7The bacilli are
expelled from the body in the dejeots and urine end the great
majority of cases Como from the careless disposal of these emcretio
There 1s the further 4ifficulty that those germs will 1ive and
retain thore vitality for a considersdle time in water,

This rendsss any river, lake , or well into which ocowage can odtain
200080, ex0eedingly damgerous as a source for Arinking water,
13



‘This there ere scurces of danger frem typhoid frem rivers or lakes
uuﬁamaaquummmnuowmmu
shich the contents of open privies oam percolates,” Bestdos these
the typhoid bacilli may Do carried dy flles from open privies and
doposited on food. ihis rondors the opem privy and shallow well
very dangorous, Of osupse sore caves oome from comtact with
typhoid petients but thess are not very numerous and typheid may bo
regavded as coming almoet entirely fiom oF With food and water,

Thero 19 a possidility that a considersadle smmumt of
typho1d comes from the wells and open privies of Scuth Haveh, but
this would not account for all of it and the sater eupply would
oons under suspioion, The analyses and compsrisons of thie will
be given later,

Another striking fact 1s the difforence detween the oase
and tho Gsath Teto in Gouth Maven e compared to the other cities,
aa shownb by the following tables

‘Tognge of cases end deathe per 10000 for 1004 to 1000,

CITIL8 .  OASES DEATHS  PERJENTAGE OF PATAL OASES
Lansing 22,97 ) 20,8
Eollend 9,38 1,19 12,7
Nuskegon X 2,31 £3,8
Orend Haven 6,93 1,18 8,2
South Hawem 103,4 8,07 Be®

This shows that sixile the cass rete and also the death
nummwrormwﬂmn, the peromtage of ocases proving

fatal is lessy +I% 16 hard to give an explanation of the difference,
12



88 1t may be that the oity is situated in s Mgher and more healthe

ful loestism, that the eity not deing a sanufasturing town has not
the foreipn cslement in such mmbers oF thet the people are dooon-
ing immune t0 the affects of the discase 0 a slight extent,

inalyses of water,
sqmoemnurmmmmmmm
mumutvnmmuumummzwm
lsboratory of the Gtate Boerd of Health at Lamaing, Mich,

Before taking up the discussions of the resalts of the
mmalyses , 1t 1o thought best to give am outline of what fs taken
into comsideration in the analysis of water, chemiahlly and
mmmumuwawwmmum
different m:hstances presmmt.

The first four {tema, eoclor, turdtidity, eder and sedinent
are readily understood and have no airect dearing on the purity of
vater, However to bde mdtadble for drinking purposes water should de
 colorless,without disagrossble odor or tasts snd free sediment,
These faots alone would not condem o water mpply dut takem into
consideration with others might have some weight in rejesting or
a00pLting & water for this purpose,

The next mbdstancss considered are nitrogen as free
amonis snd nitrogen as albarinold sxmonia. These soumpounds are
of ixportant significance in a chwniocal analysis . “hey result
from the decomposition of orgmnic matter and while the free armomia
ey indicate the decay of vegotadle matter , the alduminoid more
often remlts from the decomposition of srilmal matter er refuse,

18






szmmmmmmmmmmzmummur
prossnco 1s of senitery significence . Uemerally a Mgh ratio of
albuminoid t0 free amxmonias with amall guanities of nitrates and g
chlorine indicates vegetadle pollution ., Larger amcunts of free
mummmammmmmorum
matter, “herefore the presence of theee two is takem as an index
of sewage oortamination, |

The Ohicago Health suthorities say' in Fegmd to the water
of Lake Miohigans 'mummum’mmm'mor
undefiled wator frem mid-lske, A oertain mormal emount of free and
altusineid srmontie is found to be present, meualy 0,01 frce snd
0.07 albuninoid, In cese however, that sowage has reashed tno
eridbs we find the mmonias are presen: in much larger Qquanitics,
As a rule water showing as muxch as 0,02 fres and 0,00 of albuminoid
16 to bo considered as Goubtful and smything above this is denger-
ous, "Masons Fater Lxamination® P. V4,

The presemse of nmitrogen as aitrates represents an
interwedtate stage of dscompostition and indicates that the water ic
ot preeent poRiied.. uuth oemmie wdion in vingh germ life is
preaeast ,"his 1s then an unfavorsble indication in wator i€
presont in any considsrable amount.Thoe presence of nitritos in
eome deep w elle 1o not always an indication of irpurity dbut a
oonsidersble Qquantity togoether with an excocs of free armonia

is usualy duo to s-wage pollution in either surface or ground

water, re
Bitrogon as nitrates reporsents the final stage of

dcoomposition in organic matter.In it self it may indicate only
vast pollution without any preeont dangsor in usin. the wat r
14






hut if found with frec arscmiia or »niiriicos it glcowe ¢

"4

roeTnee

Chlcrine ic onc of {2 gulbectancecs whicl ic almes! in-
veriably proscnt o any wotcr and yot thiere is Lerdly ony facter
in water onalyccs which sheould be given clossr attenticon.Chilnrin:

is usucly procert in the forr of cerren selt washed from the
air, tlie scil ecr obtain»? Trer eowe so crntaminatieon. Zalt in
Lteeelf is nol a dangoroun irrurdty in the weter but as it ic
lergely ucscd in our food the prceence of large amounts cof Chilorine
points to s~woge contonmination. In soms casie,sc in corntr 1l Micrh-
igen where tlherc are mun~rcus salt wolls it would rot b an in-
dicaticn of irpurity while in othcer localitics it weuld be oxX-
tremely cbjcocctionoble. VWater from Lake Yichiigar should not beo
high in Chlorine ac in thic cocen it weuld indicato covwogn pel-
lution.
CXYGLYE CCHLUMLD

Anbther method of making comparisons of the gquanity of
orgarnic matter present in a water is by means cf the oxygen
congursd., In a water rich in organic matter the carben in thc ma*tcr
readily tekes on cxygen and in this wey itc amount is cprozimatcly
deternincd. Thic is done by 2dding pcrmangancte of potash .Cur-
face woter or peaty woterce show 2 high oxXygen consumin:g carpacity.
The amount of oxygon censun:zd shows thercefore the amounrt of or-
gonic motter prosont tut doos not indicote wetiior it is of vegot-
nbla cr crganic criginre.

ALVAIIRIUY ALD EATTU DL
T

hece two determinationg are n~t usualy of such impor-

15



eoneae1q ot aworde 4t sedltilin 70 simomms eex? dilw bravodt It Jud
1033sm olnszro 3ynltsoqmooed bns moltiulloq Yo
| ANIAOJIHD
-l teomls a8t doldw secomstadus erdi o emo sl entroldd

10308 yns vIbisd al eredd oy bns telaw yns nl drnesexrq yidalisv
ontroldl.notirerds remolo neviy ed biuods doldw seaylsne Telsw il

o3 mo1Y berdesaw 3ILsa nommob Yo mrr0? edtd nt Irremerq yYlswuay sl

r} 3182 .nolisnimsinoo ezewee mott bentsido 0 L[loe erdi 1is
s} $} as $ud Tetsw erdi ni vidtuqmt agoroynsb 8 ton at tleasil
enti1oldd Yo atnuons e318f Y0 eomemexq erdd DBoot <wo it beay ylegisi
~-rdotM Istinep nt ab,aeaao emoa nl .noltisntmsinnoo ezswea o3 alnloq
-nt 18 od torr bivow It ellew tlse asworemun 18 etredl evedw reyit
-x6 od bluow 3t seltitisool tedio nt eltdw yiliugqml: Yo molisotb

ed toa bluoda nsgtdols eisd mo1tr 1638W .efldsnotsoeldo tIeﬁexJ
~-{oq egswea etsolbnt blvow 3t easso alidl nt as erliroldd al dgtd
.rot3ul

GQIMU2XO00 WHOYXO
Yo yilnsup edid 2o scoslisqmoo zgalism Yo bodiem TediwmA
rexyxo edd Yo aasem Yd at Tetaw & b lrnemelq Tedism oLlmszIo
eottam edd nt codiso edd tettam olnazro nt dolz teiow 8 ol bemueroo
vlotsmixoiqs al towoms sil ysw aldl nl brs oogyxo o aelald yltbaex
-2, fflasdoq 0 etansgnemieq 3ntbbs Yd enodb sl sidl .bentmreieb
.Ytlosqgseo znimuanod nexyxo fAztd 8 woda etelsw yiseq 10 1eisw eosl
-10 Yo }rwoms edt erolered’ aworla bemwmrnoo rmegyxo 1o Irwoms edT
-}togev o al 2t verdiew eisolbnt Yorr meob $ud dnemorq Totism olrsy
o1tz liro Olrisgto Y0 olds
S2HNWIAH dHA YTIWIJAAIA

-toqmt dowa o ylswey ton e1s amolisntmieieb owd eaedT oorts

al



tance as Mie others as they indicate the presence of chomical
compounds which are not usualy inportant in oconsidering a water
for arinking purrvoses. If however the water is to de used in
chemi cal manufactures may becomo of importance or for water for
boiler plants,
IGHITED 80LXIDS

The ignited solids are of importance in indicating the
quantity of organioc matter present. If a sample of water do evape
orated all chemical and orzanioc natter will de lef® behind and
its amount determined. If then this residue be hected 0 redncs:
the organio matter will be oxidised and driven off leaving only
the mineral olements and the axh, If the ash is white it umaly
indicetes tho prosence of mineral solids. If muoh organio matter ic
presont the ash will turm black and give off the odor of vegetadlo
or anlmal sudetancos. The Aifference betweeh the weights of totod
s0lids after 4rying send after durning indicates the quentity of
organio natter present,

I BON

Iron is not such en ioportant {tem and except for laundry
use 18 not objestionadle in resscnadlc gquantities.

From this 1t will ne seenn that the important items
in a chemiocal analysis are the free and the albuminoid smmonia,
nitrites,nitretes and chlorine, Oxygen consumed end iznited soliés.
Thesa all point towards sewace oontamination if present in large
quantities . and where they are high and thare is known possidility
of sewage pollugion the water should dbe regarded as dangercus,

ls



BACTLAIOLO:ICAL ARALYSIS

ihile tho results of a chemical anslysis are somotirce
indefinite and it # Aiffieult to decide whether poliution is
from sninmal or wvegetablo souroes,it might ressonadly de suprosed
. that a dacteriologiocal sxmxination would de a dirocot means of
Gotemining the purity of water, ihis {s not the case howover
as the sserch i such an examinatioh 1s not &irectly for the apoce
1710 dlcease gurws dut for those comditions whieh indicate sewaso
pollution. |

The mader of soloniea per adis omtineter fumigshes a
good means of corparison of the water supply at aifforamt timeo
but 1s net conclusive evidence of oontamination,ss many of Mec:
dactoria might Lo of an entirely harrlose mature. then inadated
ot body tompsrature howewwr many of thees harmless varietics
4o nbt 1ive and thogse which wight de supposed to 1live in the
husan system would developed.Tiis most important tost is that for
Beaillus Coll. Thin dacillus is one found in the intestinal troct
of man and aleo the lowar smimal.A water which then shows the
Presesnco of bscillus ooll is to be regarded ss euspicious snd
oven dangorous,for 1t 18 direot evidenco of sewago oontaminati-n.
If those dacilli are present it only requires the socident of
discanso to bring danger of en epidomio of typhoid or other wator
borno ciscase. Heomuse of e Aiffuclity of separeting the Typhoid
Bacilli from ite closoly related assoadate the @olon Bacillus
tho latter is taken as an indication of a dangorous water,
If & large porcentage of ane G.Ge tosts reveal the rresencs of
the lattor form 1t 1s talen as evidenos of a dangercus oondit!i~n
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of the water.smyply. ' The presmptive tests for Bacillus Coli as
the pmm.;’iii also of value in determining the quality, as
total freedonm }rou gas generating organisms is only assoociated with
unpolluted water,

Standards of purity for water supply.

The following two analyses represent what is oonsidered to de.}
the compesition of good water dy Merriman, and the limit estadlished
by the Michigan State Board of Health, The third is an analyoie
of sowage by Merraman. The snalyals is given in parts per
million.

Morrimer: Liwit of Ke
(Good water.)(water, “ich, a.n.; (':ange;

Total solids 80 geo 700
Organioc ¥ 30 3cC - 200
Inorganioc * 20 £00 800
Chlorine 3.00 12,1 40
Free Ammonia 0,01 0.05 28
amp, ° 0.1 0.15 10
Hitrites 0.2 0.9 0.1
Hitrateas C.0 trace Q,OOS
Oxygen consumed 0.6 2.8 40.0
Bacteria per c.o, 25,0 no toxiocogenio 1000009
Hardness - % -
Orgenic oardon . - -

| These tables represent an attempt tp formulate a standard
of purity for water and while in e general way they may apply to somo
localitics they will not hold in all cases. The variety of looal

18



oconditions whioch are wet with remder it impossible (0 &ply theso
standards, for instunce a water high in Chlorine may be perfootly
wholesome in ome localiiy while &n amotheor it would be dangerous,

In drewing oconclusions from the results of ai snalysiu
all the locval conditions and posaidilities of ocontamination must
be taken mto oonsidoration to mako a scfe deocision as to the purity
of the water,

“he following is an analysis of & sasple of water tekon
from the nains of South Havem, on Xarch 17, 1911, At thie time therc
had been a severc northwest siorm for several days and it was thou !
by the local Health Officer that since the intake 1s located
south of the river mouthyte water would de in the worsp posvidle
oondition, L

. 4nalyshs of water from South Maven pudlic surply,
larch 17, 1011, taken from the tep,

Color , Rcoe

Odor kuaty
amuaaiy 6

Sedinont Trase
X, as Free irm, «04n
Ne as Ald, fmm, Q100
He as Hitrites «0CO
K. as Fitratee « 500
Chlorine 6.000
Oxygen oonsumed 5,mo
Alkalindty 138,000
Hardnoss 138,000
Ignited S0lide 130,000

Iron 1 T 0300



EACTURIOLOGICAL
Coloniee per 6,04 room temp, 120
] L/  J xm. ) 18
Premumptive tosts for dsoillus Coll
Gas produotion on Laotose B,

1 ec.0, _ None
25 ® : 109
Aolaity la¥ited
Turdidity .
Indol production Presant
ked oolonies om L.L.A. None
| Baocillus Coll Fow
Potebility Suspioious

“ho Bacterial findings fn this water, at the time this
semplo was takem, are not oxtremely dad, but we camnot regard the
wator es safe, ¥.L.Holm, |

From the results of this analyais 1t 16 seen that the
water wes quite turdid and of & musty ~dor, The turbidity was Que
to the weathsr conditions. The quansity of free and alduminoid
amonia together with the high Chionine value indicates the presence
of organic matter, and present sewagoe oontamination, The exovess of
Xitrabes 1o also an indioation of sewage pollution as is the sxygen
conmmed, “ho colonies of Lacteris at room temperature are higher
than is pormissadble in good water, and the muber at the incubated
temporature indiontos that there are those present which develop
under oonditions similiar to those in the Mmmen system, The

presence of Bacillus Coli points conclusively to sewage pollution

end renders the water suspicious, if not svem dangerous,
20



From these rcesults 1t is peleived that the water supply uider
oconditions of that Gay is not safo for d4rinkins purposes, If
such oonditione romain for any length of time it would require
only the premsence of eny concidsrablc mudher of cascs of Typhdid
to rendor 1t very dangoerous.

The followirg amalyczo: give the result: frou four scmpleco
ol water token at South Havor Fay 15 1P1l. These samplcs were
takon as nearly sirultaneocusly as poscidlie and st the followin;
placoe Nurher 1 takon at the City.Hell. Fumber 2taken at the
punpse Sfumber I taken 1500 feet beyond the present intake,in theo

lako and ncarly at the botton. Wumbor 4 taken gs noarly over the
intako as ronsidble to locate 1t and near the bottom,

Tho object of teking these four was to dotermine if
poesible the effoot of pire systsm on the water dby camparing tho
samploe at tho City Hall with tho one at the pumps. Then dy =
ecnparieon of t.ho':;t the purps with the one at the intake to
doterrline 41T thoro wes a broak . in the intake pipe,Fumber 4 weao

takon to d:turrine whother tho quality of thlR water could bo
irnroved r.o~ 4 satisfactorsg dogree by oxtonding the preceni intale
further into the lake. On the day these sarples were tzion the
leke woa porvcctly quict und thero was practiecaly no wind.
This wag alvost the opposite exirewe from that urder which the

firet gamrmlos wore takon,
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The frur samples of wotor yeoceived April 28th from
bouth Haven ,#2 teken pump at power house ,# 1taken at the Gity
Hall,# 3 taken 1500 feet from mouth of intake,snd # ¢ takem at tho
mouth of the inm,!wmv been examined with tho f11lowing results,-

1 e 2 4

Coloreecescee- None a MNono -~ None - HRome

C4OF we-=voe-= oM - Hone -~ Nome - None

Jurbidity <«we- Nome « Rome - Xome - Ronme

Hedinent —ewew Nons -~ None - None - FNone

N.as freo Amme ew- LO010~. 010 . 050 . «010
Heft8 Albs Alismene o020 « L0800 = 070 = « O30
He 88 Ritritos wee ,002 = ,001 < L0100 8 o01r
He 88 Nitrates wee 040 =« 0050 ~  J050 - o 80
ChloTine e-ce-we- B,000 =« 8,000 -~ 5,000 « 6,000
0xyseon oonguited we 2,600 o 1,800 - 23,800 - 3, Tn
AlkalInity eweesd3B,000 135,000 =130,000 - 1354000
HArdnoRs eewewe- 135,000 «135,000 130,000 - 140,000
Ionited onlids « 120,000 «130,000 190,000 - 140,000

IX‘N’Z .‘JOO L4 '4'0‘\ - .:‘-OO - .300
BACTERIOLDGICAL
1 2 S 4
Colonies per o.c.Roem terp. 65 128 120 €5
) " ® Inmnc. B & ez 48 8

Presurptive tests for B.COLI
Gas produciion on Lactoso E,
100 <vmmwen- Jdone « 1l = 5% - 2,4
26 00 wemeweew 40 - 4% a 457 - a0y
Aoidity wereeeees Yarked - larked « Marked . Marked

Turbiaity Marked -« Marked - Marked = MNarked
Indol production ew--- Pregent - Present. Present - Present
22




1 #2 #3 .’
led cO0lonies on L.L.Ae JNome p § 4 e

Be0011ll wwvecccveccee- [Fow Present Present Present
Potability e------eee Suspioious Unsafe Unsafo  Unsafo

«wll these saples the presence of a certain amount of
sewage oontaninagion.

The findings ars not very 'bad in ssmple #1, Sample O
shows scmewhat more oontamination and sarple §¢ a still higher
incroase.Sample #5 appears to be the woret of tho lot fror a
basteriil standpoint,showing the highest mmbder of sewage bacteri:.

MoL.Holm.

In making a comparison of tho samples 1t is to be noted
that all show the prosencse of sewage ocontanmination dy the quantity
of aldbuminoid symonia,ohlorine,and oxycen ocnmmed,The of oolonies
et roowm tomporature are rather high and at the inocudated tempor-
ature several wore presence Tp eas pro&ouon indicates the
presence of Bascillus Colll which were found 1n all sarples Nono
of these samples could de considered safe for d4drinking purroscs.
There is a marked @ifference between the first two sarmplos a9
shommndby the higher values for aldbuminoid ammconia,nitrites,oxycen
Jommaned, iron,and baotoria in saple # 1 This is due to the faot
that part of BMe orzanioc matter was deposited as sedimont in tho
pipos when the velpcity deoreased due to the bramching of the
mains. Gamples # 3 and 4 show the same things es # 1 amd # 2,
That 1s the m'eun'oo of sewage oontarination.

In comparing ¢ 2 and # 4 1t 48 to be noticed that al-
though in the cherioal analysis # 4 gives a 1ittle higher values
there 18 not much difference detween them, From this it is safe
to oconolude that there is no sorécus leak or dreak in the intake
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a! loant nsar ilhc shors. Tio increase in iron is Gue to %he
solvent asction on the main in passing through it. The inorease
in bacteria may be dus to the straining actiom in the pipe,

breaking up the colonies,or mors likoly that tho sample # 4 was
not taken directly over tha intake and the sampls was not iden-
tical with taken at the pumwps.

The moat surprising fact to be noticed in oompering
# 3 and £ 4 18 that the gample takmtartbootwtmmlgeie
the worst. Tho can be s¢on in the fres ammonia .03 against ,01
over the intike and the aldbuminoid ammonia .07 against ,068,.The
other items show that whils still polluted it is slightly reduced
in quantity. “he nost striking difforence is in .ie mubder or
ocolonies of bacteria por ©o0.,130 beyond the intake and 38 at thoe
intake. Both these samplos repepesnt dsngercus water and further
that 1t &s Qobtfull whethor a safe waler could de obtained by
going a reasomnadbls distance farther out onté the laks. IT must de
remenhored howsver that this is only one test and that in order
to decide this conclusively 1t would be necessary to make a sories
of tests extanding over z considoradle period of time.

snother test was made ¥ay 156th 1911,consisting of two
saxples,one taken at the Uity Hall and the other 4000 feet ocut in
the lake or adbout the sarieo distance beyond the intake as in the
previous set of samples., For several days defore this the wind
had been blowing from the south west although at the time the
samplos were taken it was comparetively quiet. At this same time
a dredge was working in ths harbor and matserial was being ocarried
out into the lake and dumped adout one half mile south west of
the intake. Itwas thought that this might have some effect on the
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@ality of the water, “he two samples of water recoived
fror South HEaven Hay 18th,give the,following results on cxe-in.
ation,

4000 ¢, out City Rall
Color Kone ——— Reme
040r ewenceaw- HOne e None
TWBIM LY weee- None ——— Yone
fedinont cceceefone e Home
Hea Fros Amie ewes L0110 = «010
Yo &8 Alde AR wee ,080 ——e «040
He a8 BILtrites evee- 000 - «001
FEo ap FItratos eeee. 080 " +0€0
Chlorine 6.CO0 - 8,000
Oxygen ooneunied - 1;600 —— 1,400
Alkalinity oew-e 185,600 e 125,000
Bardnoss Ieeweees 125,000 — 126,000
Ignited s0lide - 125,000 — 125,000
Irn eecovcn-au + 400 —— * 300
Ooxcuoaporoontmﬁ-gi -
» ® 7 % Ing, " 0 1
Prowwntiive lcats for B,Coll
‘gas yroduotion on Lactose .

1 C.Co Hone Kone
a5 CoC, NOHE NCRE
Acidity Rone ¥one
Turbidity <omo Home

Infol production None None






4000 f£4, out CILY sealds

fad ooionies on Lelede ~ono ione
e wOli Rans “ana
Potabililty bafe Safe

TRore a9 ol gu0d walers. Melroiloime

Shoee smplos shiow & very falr conditiom of thw wator at
that time, In tho chomical analysis the quentity of alduminold
amodis 38 well wo the H4trates sre rethor high sn® thore fs alight
ovidonooe of sewuze omtaination, aymng::mwu
vaubamumw-mommmmugm betiar than
that et the present point of suyply. tone of the difference of the
tzo sunloe 18 aoooamntod for by the settling action going on inm the
mmmw.mmmmemm.&tw
out is the worwe, Lut Saling into oomsiderution the setiling there
wollld peabedly not B & Very great differance dbotwewn them,

for s puryose of compariag couth liaven wator with the
othor odtios used in comparing the typheid statistics, the following
analysea are inoluded, w0 of thase , ludLugtan and Muskogon
ocbtain thero water fron the ssie sourcs, that is lake Xiddgn, In
toth caave huwgrmmwc;cw farthor out into thw lake, v
umrmmAmmm adbtain there wmater mupnly fyom
walln, hose at Lunsing deing guite dsep,



KULEZGOR UITY FATER,

Color Rome
Ocar Yaint
Turetdsty Eone
tediment None
K, an Freeo amn, +«010
Ne a® AID, Arm. 0860
Ko ag Nitrites . o0
Ye on Nitrates 170
Chlorine 5000
OR7zm conoud | 2,600
tlkalinity 1854000
Hzrdnn:z2 1304000
Ierdtad 80llls 105,000
1ven o 30
BAGT. SIMALLICAL
Colomion 151 G.8. &t room tem, 24,4 O
» " . T e, © 44000
Prosurmtive testas for 3, Coli
Oss prodsetion afl Laotoes 5.
1 0. None
28 Q4O 0%
AOlAIY Larked
Nurtidlity b
indol produotion Proseat
led ooPouies o L.leAe Bono
e CoOl2 Yow
Potability Suspl clous

This water is rogarded as relatively safe.It is not very dbed dut may
27



vary from tine to time owing to clossness to shore,
LUDIRGION CI4Y VAiI:l,
Serple teken from fancet., he water soures is Lake

Mahigan ad owing t0 aocident t0 intake the water is deing drawm
200 fest from share,

Color B
Odor Faimt
Turbidity Nene
Gedinmmmt None
Re an Free A, 010
E» a8 Aldy Amn, »080
Ko as Nitritea «000
Be as Kitrates . «000
ilerine 7,000
Oxygem consumed 4,100
Alakind ty 124,000
Eepdnees 128,000
Ignited solids 150,000
1von «400
BACTERYOLOGROAL

Oobonbes por c.8. room temp. 140,

" T Ino., temp,. 0,

Munmmn.nou
Gas production on Lastoese B,

1 0.0 Bone

o @ %07
Aciatty Harked
Tardidd ty .



Iadol “roduotion
Red colonies om L.l.A.
Be Cols
Potabdlity
This water is not very ded,

Presmt
Eone
Pow
Suspiotous

Ladington city water sfter Deing treated with hypochlorite

of lime,

hlorine
Oxygen consumed
Alkalimd ty
Herdness
Igdted solids
Iren
' BAOTERIOLOCGIOAL

Colonies Der 0,8, TOOR tenp.

» " . ® Ina, Semp,.

Premmptive testa for B, Coll
Cas produotion on Lactose B.
1 0.0,

Faint, Chlorine

None
+030
+0E0

000
+080
10,000
6,000

180,000

158,000

118,00

Y00

0



28 8.0,
Actdaity

Indol production
Red colonies on Lel.A.
Be Cols
Potadility
ikis sample after treatnent seens o indicate more
oonteninatio n  than defore tresataent.,. Evidently the second samrlo
was poye oontaminated than the first,

Effdfid

HOLLAND OXTY WATIR. Kevreh 13, 1000,

Coler Nene

Odor ‘ None

Turtddl ty Bone

Sediment Rone

He aa Free Arm, +000
Be a8 AID, Arm, 050
Ne a8 Ritrites +008
He a8 Fitretes 800
Cidovine 10,000
Oxmygen oonsumed + 800
Alkalind ty 150,000
Uardness 160,000
Ignited solids 180,000
Iron <080



DACTERIOLOGEICAL
Colonties w'c.e. Room “'emp, 2
L e o Ine, Terp, o
Premmptive tests for B, Co}d
Gas produotion en Lactose B,

1 0.0, Fone
25 ® Kome
Aotdity Nome
Turdidity Bome -
Indol produotion Rone
Red ocolonies om Lel.2e Rome
Bes Ool4 Kone
Potadildty Lafe
LARSING PUREPICE® WATER, March 15, 1911,
(Distilled and pure 1ce from Arinking fomtain.)
Color Bone
Odor None
Ww Wome
Sedinent None
Ne as ¥ree Ao, #1850
K. as AlDs Ammm, 2010
Ne as Hitrites 99D
%o as Nitrates +P00
Chlorine ' <~.000
Oxygen conmmed 1.800
Alkalind ty 75,000
Hardness ¥5,000
Isited solide 90,000

Iron 31 «100



BAOTERYOLOGIOAL
Colenies pul 0v0. &t YOOR teND.
L [ J L] s ino, ®
Prewmg tive teots for B, COIX
Ggs production on Lactose B.
1 ©e0e
a8 ®
Acdaity
Turdbidity
Indol produetion
Bed colomies Om LeleAe
By Col4
Potability
ihis analysis ahows that ebsolutsly pure water was not
used . It would setm that sbout two thirds was distilled and
one third raw water,

EERRRER

LAREIRG OXTY WATIER,
Water takem from the Oepitol Building om laseh 15, 1011,

Color Rome
Odes Eone
Turbidi vy Hone
Sediment Some
E, a8 Free Arm, «0080
He a0 AYDs Armis 2030
Ne as Ritrites #000
Be ae Ritrates «000
Chlorine 13,000

Oxygen consumed 24100






Alkalindty 208,000

Iron | 000
| DAOTERIOLOGIOAL.
Celonies per 0.0, 6t Room Temp. 19

e L ) . .Iu. |
Prommptive teste for By Coll
~ Gas production cn Lactose D.

o

1 o0 Sone B
%8 oe0. emo
Actaity None | \
Turbdd! ty None

Indol proauction Bone
Red colonies in L Le A Kone
Be Cols Bone
Potabii1ty safe

By comparing the snalysbe from Muskegon and Ludington
10 twoee of South Haven 1¢ will De seen that the water 1s very
airilar and showe thoe sane sewoge pollution.The seeond sesplo
of ladington water g of interoct beoamuso 1t repreoonts water
troatod wilh Hypochlorito of lime.These two were supposed to
roprescut water before treatment and after but it is very evie

dmnt that at some tine must have olepeed detwesn taking the sarples,

as e sooomd $o much worse than itho firsty, "his erphasisos the

carc shich sust be cbservedin taking tho water samplos.The grestoct

diffioculty with most of the camples sent to the state laboratory
15 aleng this Ainasgd ocuplete history ef the water, the sesplo,
. 28



t
mmmmmuwmommxnmcm

sent along with them to make the results of the greatost waluee

The samples from Loneig end Holland sbow dSfferencee
mmmnm.aummmmn.mmnrm
mmm‘utmmmmtammmz
of mummmwmwnwmm.
mmumummmawmmomm
wmatunmmormzmmmmmor
Mfﬁ:ﬁyﬂum‘mtuumuwnbomm
@ietilled wator and f0- from Alotilled wator, The reultes of the
me:mo tho seeple roprosents emsellent mter,showe that
amnuummmmnumyummumzmu
of the sample consisted of raw water, |

mum«wm-munummzmz
mmtum-myorammaamuummm
.mmmnmmmnmm-msm»
zommmmmnummmammm
a-mf.mwwm.nummmw
umm(xummmmwmmmuuo..m
faot farther into the lake,



QANTITT OF WATER P ¥PED,

The quaatity of water puaped 18 odtained from the mader
of strokos ard displacemant of the puxmps, Te each pwp 18 attached
. @ Dristol reoording metor end delly resadings aro takenddf tho nurber
of strokes, s method of odtaining the gumntity of wator pumpod
is not striotly correct as it does not take inte oonaideration the
slip of tho pumpes Nowever for conparieon 1t s felrly ecourate,’
i w11l give fairly 9007 'pesulte.

' Por the Gould Triplex shich hes & piston dimmeter of
ummamacorn.maqusofmwmma
be as Dfollowed )

Dieplacements} 3 5,410 U § = Length of stroke.

*  eguals 1/4x3,1¢10x11x11x10
. 980,384 oubdio inches.
Displasement ih gallems = D70,304 divided by 231
. 4,114

?wmmhﬂmwﬁomumwmmtw

the displacomons would bes
4,114 8 3 = 12, :uuuu-

In coliputing the meber of galloms givea delow, the
dimplacwmont was used as 1: galloms, Ihis 1s & very falr ssemption
and allows somowhat for the slip of the Jamps . The allowamoe
deing .:343 12,34 » 2,78 %, which for this type of pumsp im good
condition 410 prodadbly very moar ths true smoumt of alip,

In the other two pumps , wirich are Bughwse Duplex Righ
Preseure pumpe ( 14 5 8} 5 17 ) the Gisplesement would de
3 % %,1410 = diameter® x length of streke,

» }x 3,140 2 6}° 218

® 781,00 oubio inches, or 3.38 galloms.
38






Singe thees are Aplex double acting pumps, each stroke
regifitered on the recording Beter represents four dlsplaceents or
the Ateplacement for eash registered stroke is 15,5 gallome.
" In estimating the daily quemtities of water pumped this apount was
ssmumed as 1T gallome, leaving for elip 1.8 gallome or 11F elip.
This smoumt of siip is not exosssive for ¢ Aplex pump. Owing to the
shortness of 1he time there was no opyertindity of making & test of
e adtual paroent of elip. .

Fron the records of the Vater Werks Cozmittes the wator
pmpad for ‘he riscal year March 1, 1010 to Ped, 268, {211, imclusive
18 givem by the following teblos

1910 TOTAL WATER PUMPED DAIAY AV RAOL
Kagoh .e‘é&%”"" $11870
April 8241300 remns
Eay 8300600 284213
June 98684400 810400
duly 18035000 | 488 030
Agast 1875040 560331
Bept, 9451000 318507
Oct., 8200180 264529
Nov, 7064320 266144
Des, 7595610 206068
Jdm, 1011 9056610 £440856
>, * 8407370 232048

The total guantity of water purpsd for the year is

115,417,960gallons ., Dally sverage for year is 3518213 galloms,
38
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The maximm daily average for any memth is 540,337 gallons.
The mimimm dally averago for sny month {s 252,048 galloms.
The population for the year 1010 from the curve of pcpulatiom is
3700. On thie dasls the daily aversge eonmmption per capite for the
yoar 1s 310213 <& 3700 or 86,5 galloms,
The maximm daily comsumptiom per eepita is 540337 . 3700w
886 gallons., The minimum Gally conmuzption per cepita s
230048 4 3700 m62,7galloms,
Thies averege daily oonsmumption per capita of 85,5 galloms
18 & very ressonsdble quantity. From a table given in Merrimene
Publie Wator Qurply, pege ¢, the aversge per cpita consumption for
3100 of the primcipal oltiec of the linitod Ctatss end Canada is 108
gallons,. For purposes of compariecon the following tadle takem
from the sane author, is inserted.,
oo:hxmxoa OF WAT-R IN AMGRICAN OITIES IF 905,

CITY PLRCLAT OF TAPS CORSNPTION PLR
BETIRED OAPITA DAILY

Mioagp e 200
PitliMielphia 1.0 30

Ste Louis 7.0 02
“"Boston 8.0 PR3}
Cloveland 68,0 187
Buffalo 3.0 224
Sen Prencisco 21,0 o8
Oinoinatss 12,0 130
Detroit 0,0 188
1ilwakeoe 80,0 21
Louisvillo 8,0 81
Hirmmeapollis 47,0 76



CITY Pri.C. BT OF TAPS COR{UKPTION PER CAPITA

2ETRED DAILY
Providenoe 86 68
Indianapolis 10,0 ez
Kansas City 38.0 75
Ste Pl 8.0 £6
Rochester 41,0 88
Toledo $0.0 78
Columbus,O. 76.0 110
Jarors, B), 36,0 58
liadieon, Wis,. 97.0

Climton, 111, 1,1 99
Ghensndoash, Ia. 0.0 385
Kellroso Kase. 8,0 | 1182

An investigation of this tadble will ehow that on an averago
post of the cities inoluded have a muoch Idgher daily conmumtion
per capitagthan South Haven. It also shéws that those oities
having the larger peroent of teps metered have s lower averago
per capita consumption.: The largest cities shigh have such an
eficesaive wator conmumption per capites have very fow taps metored,
This shows that thore 1s an umecessarily large waste of water
and the desirability of a metered syctem. The oity of South
Haven has 9211 mejers on the gystem and for apopulatiom of 3I7CC
thic givos a good rrtered eystom,there being only comparativoly
fow umetored comnections.



CITY P:i.C. RT OF TAPS CORUKPTION FER CAPITA

HETHRUD DAILY
Providence 88 és8
Indianapolls 10,0 ez
Kenses City 38,0 73
6te Paad 8.0 €6
Roochester 41,0 68
Toledo $0,.0 78
Columtug, 06 76.0 110
Aurors, Bl11, 36,0 58
liadieon, Wie. 97,0 46
Climton, 111, 1.1 59
thensndoah, la, 0,0 385
Kellroso Mass. 3,0 4 112

An investigation of this tadle will show that on en sverago
post of the cities included have a much higher daily oconsumption
per capitagthan South Haven. It also shéwe that those cities
baving the larger peroent of teps metsred Dave s lower aversage
per capite consumption. The largest oities whiah have such an
oltoesalive wator consumption per capite have very fow taps metorod,
This shows that thore is an umeocessarily large waste of water
and the desirabllity of a metered syctem. The oity of South
Haven has 211 mejors on the eystem and for spopulatiom of 3I7CC
thic givos a good rrtered gystom,there being only cosparativoly
foy unmotured comnections.



oo PLART ¢ e
POPING CTATION,
Thes pumping station 1s looated om the shore of the
lake about 200 scuth of tho river and about 200 from the wators
edge of the lake,
The equipmant of the plant omaictas of the followings
2 =« 130 BPeSpringficeld Tuduler Doilers 72 x 1€,
1 oo 100 B Pluskogeon Boiler 72® 18.
1 a= Crend laven Larine Ingine 4 = 12,
(igh pressuro and diroct aoting.)
1 «= Uould Triplex Power Pump,direot comnectcd to the abovo 11x1C
((.mty 750000 mummm.)
~-Eug;boe Duplox 1izh Pressure Fumps 14 X €3 x 12,
( Capacity ¥50C00 gallomo pe= daye )
The wator 4is ocdtaincd from the lske through an intaks
80 inches in diemeter extonding out 3000 feet from the well into
whioh it flowe, This well 18 moant to serve tho yurpose of allowin-
the sand and othor #01id mattors to de dsposited honoe not elog~in-
up tho purpee The well e avcut 78 feet from the pumps and is
comnestod to then by weems of a §3 inch sstion pipee. Also a
by-pass pipe commects the intake directly with the gutphe By 0l08e
ing the valves Detween the well aad tiie commection the wator oan
De pumped direotl’ from the inteke, This hee Deem found mecessary
due to the faot that Bhe well intake ocould not fumish enouch
water into the well when o memimius esount wes needed, The diff.
eramoe in elevation detwesn tho level of the lake snd the inlet to
thoe well,is mix foet,vhen the lake is at 3620 level.At progent the
m%hz.s fo ¢t delow sero,l s gravity head of 3,7 fect to

velmuodnthnu: Even this roduced heed sboul "






furnish enouch water as the fpllowimg corputations will show,
Givons De®= Dianetox of pipe = 188 feet.
Le = Length of pipe =200 feel,
H, = Heud of vater = 8,7 Cfeoat.
To £ind the discharge in galloms per 4ay,Q.
Q =AV , where A& is the area of the discharge pipe
and V the velooity of the flowing wator.

v _@—/ . T?x_:se.a x 3,7
-eee 1 ~=====-0800

a
Ve 2,6 feot por socond

A= 7064 x\1.66°
Qe AV ® 7054 x 1.&32: 2.C % = 0,585 . f't, por socond,

Q= 0,520 x 8:33 X 60 = 255 pgallons por nimte.
Qu 20 2 24 2 365 » 3,792,000 gailomg per day.
The maximun dally avorsge of water pwrrped in July wos
485,030 gallons. Henoe the ghortagoe is mot dus to emall heod,
friotion,or amall pipe Further invastligation indiocat:d that the
intako had bsoone ologged with gand,leaving but a amall portion
of the ontire opaning availadble for dis charging,
The mouth of tho intake oonslets of a four foot section
of pipo twanty inches in diaretsr placed verticaly as showm
in Plato 8, ihis seotion is surrounded by a large bell,which iao
in tum oovered by a plate with  inch holes drilled in i¢,
ﬂﬁsplsﬂwtauaetmwwwtﬂﬁmt!wm
matorisl It is held in place dy several dolts ané muts.
Although all the purps were kept at work the depand for
wator ocould not supplied and tho pumps wore working undor a hi h

suotion heagd.Upon making a thorouph exsrmination of the mouth of
the intake
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the intake by sending down a diver,it was discovered that the
oover piate was off and from efidence gathored had deen off for
years. This gave ample chance for ohoking the intake so that
probably not more tnan one fourth of the area was left for dis-
charge opeming. Them there the possidbility that the pipe had
settleld at some point and broken,allowimg the two emds to slide
past sach other,and thus doorease the area for flcw. To determine
shether this was true,a centrifugal pump was first placed in tho
woll and altached to the intake inlet and watsr foroed daock
through the intake,thus partly flushing the sand out. Them an
alr pLmp,s9t up on a dredge,was taken out and attached to ¢the
mouth of the intake, By foroing air through it ang leak of impor-
tance would at onoce de located by the esoaping alr. Tho report
of this vess carried on by the Boa™d of Pudblic Works says that
no 1%aks were found and fron all indications the intake became
choked with sand possidbly @ue to the absence of the covor.

To cloam out the intake two 7 inch by pass pipes from the
main to the suction pipe were put in. Then,having filled the
standpipe,the valves were closed shutting off the pumps and the
water forced through the intake, This gave the doaired velocity
of water necessaty to aloar the intake of some of the collooted
sand and inoreased the sffective diareter of the pire. However,
even after thic flushing,the purps were ruming under = head of
10,8 inches of smroury. Fhis mesms a total 1ift of 12,2 feet.The
1ift from the intake to the pumps was 8 feet at the time of thie
reading, the lake being 8 feet below sero. Hence the oquivalu_at
head on the discharge end of the intake is 12,2 feet minus 8,2

feet plus the 4 feet of prossure head making a total head of
8,2 foet,
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At the rato of pumping,when tho above odbservations were made,tho
total nfmber of galloms pumped per day was 900,000, Knowing the
head and the length of pipe and asmming the ocoefficient of frice
tion as 0,02 the diamotor of an equivalemt areashich would eupnly
this quantity can de computed dy the folowing formulac,

SlennB
De m» 8,479 ﬁa“

fubstituting the given valueas in this formula,

De & 0,479 ﬁ Wls\i.-.

De = (0,8 toot.
“hs sives an aroa of 7,56 square inches. fhe area of a 20 imch
pipe is 314,1" square inchen, From this of the total area open
for alocharge 1a 72,38 / 314,17 or 0856, Pyem Treutwine pago 167
the rine of the segment of the pipe nhich 1@ opon 1s £,8 imcho:o
or it 15 safe to say 6 inches on the averags.This computation ic
only opproximate but it gives an 1daa of the oondition of the
intako pipe. This prodbadle condition is shéwn Adlsgrermatiosly
in Plate 9.

The mouth of the intake is surrounded b7y an 8 foot
boller plate shell resting on s timber foundation held in plnoe
by four piles. A vertical section throush 4t showing a covarative
viow is ghom in Tlate g,

Plate 8 shows a vertical seotion through doth the intake

and well.It chowe their relstive positions and the head which
csuses the flpw into tle woll,



EIATE T

2

slen.
covér

Bolts for fa
e S qgo wrn

B

by

CONCRETE

VERTICAL SECTION.

Yo fo 00U fo wugf)Brt bomdys bumpur

0z



o e S e I

/ 2y Wib\wll 7

—

0087

’

& FLY7d




I 2 81 sFvETes T rasares
| ALRTE Z.
- x L B e
|
R = _]'L__ SES
.
L i
] i il
E 1
|

| ‘ |
L PRIBRBLE LONDITION vFr 50/’/5, :

FELCTIONS 0F INTRKE FIPE







RESER VO/F
ihe stand-pipe 1s situatel on Quaker street sbout sovem dlook:
from ihe pumps. The elevation of {ts dase ie 35,1 feot adove gero,
hemce the base 48 35,1 « ¢ » 29,1 Lfest adove the valves of tho purp,
The height 1s 100 feet, being built uf in . 5 foot sectioms
£0 fn mumdor, of I inch doiler plate. The outsids ciramforence
meamired 47.8 fost. Them outside dimmoter equals 15,7 foot and
inside diameter 15 Leet. The total volume is
m:;?zga.xalanxmmcm

The pipo rests on a masonary foumdatiom. The top is kept oovoered by
a wooden O0OVEr, Iy referring to the map it will be soom that the
standpipe sorves merely as an eQualiser of pressure, Yhem more
wator ig puped them 18 Deing used ths exoess goes into the
standpipe.

PIPE LIBL GIBTEN,

In order t0 deternine whothsr tho preeemt pipe line systen
is sufficient to furnish the nexiam rats of flow, wie sises of the
pipes were colputed for several of thw large mails end were foumd
to de large enough,

, he entire layout 1s ahowm om the larges map of the city,
(foumd in the pooket of this volume), In order to detormime the
actual lossos of hasd Gue to frictiem in tho pipes, gates, valves,
mam.prommmnviﬂmmnormuty.

by sttaching a presoure gagzo {0 the hydramts, It was not necossar
tc ottain pressures for eash hydramj, dut only at every poiant where
sise of pipe dhenges. The gage used was a 100 poumd Stamédard Test
Gage. To oorreet for errers of the gage, the gage was calidrated.
mbmnmm:mgmnammmumma



OALIRRATIOR OF PLRUCSURY GAGI.

CapEle (1ncrosscing weishts) (docreaseing weishts) 'w”
B1ls, 6.0 lbs. 6.0 1bs. 6,0 1vs.
10 1.6 11,6 1.6
15 18,2 18,2 10,2
20 2.5 20,8 20,6
€5 5 ¢ 25,8 25,8
30 20,5 30.8 30,7
55 85,5 56,0 38,0
@0 40,5 40,6 .6
15 46,0 48,0 48,0
& 50,8 51,0 0.0
55 55,8 5640 6649
80 60,6 60,8 60,5
68 65, € 65,6 es.6
70 7044 70.6 70.5
75 7540 78,8 7541

6080 80.0 80,0 80,0
3 8640 85.0 85.0
00 £9.6 69,4 846 .
05 94,0 9440 94,0

100 9940 99,0 99,0

These remilta show the gage to slightly im error at oertaim
prossures, henoe the pressures ocdtained from the hydrants must de
eorTected byv the amoumt the gage is off at that pressure. In the
tadle givem on the following page are reecrded im first ocolum, the
pressures in pounds per square inchj) Im the seoomd oolum, the rend.
ings after having been corrected for errers of the gages 4m the
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third column, the elevatioms sedove sere of the street intersections
as odtained f1o: the notes recorded by the City Dugineer.
PRESSURES AND KLEVAIIONS AS TAKEN AT THE FOLLOWING 8TRCETS.

ETRLLTS OBSLERVED CORRI.GTHD ELEVATIONS
PRESSURLS PRESSURES ABOVE ZERO
Center & uaker 36,0 1be. S6.2 1bs, $8.8
" % Migiigem 30,4 29,7 30,8
® Y% Groem 31.0 5043 38,0
* ¥ Phosnix %0.6 e 40,2
ghollux' Broadway 31.0 30,3 38,¢
» ® Psarl 32,2 30,8 3789
® ¥ Bajley 29,0 28,3 44,15
* ® Kealsmasoo 5640 34,1 3Sed
* % GCherry 20,0 6.4 80.2
Broadway & Green 30,1 29,3 38.1
Pearl * Erie 29,0 28,3 43,8
Letrange ® Pnilips 47,0 26,8 14,5
Oherry *® Superior 20,0 19,4 52.0
Baliley * Comger 30,0 27,3 57,13
Kalsmagoo® Vichigsm 28.4 27.7 3343
Ste Joo © » 540 31,3 339
J * ilkemdurgh 29,6 28,90 23.4
South Haven & Maple 30.4 9.7 42,0
Lake ® Dyokman 38, C 37.4 28,6
» ¢ River 48..0 4.0 4.8
o ® Vells 3740 36,4 32,6
» * Base Lino 34,0 82.1 42,1
Dyckman * Main 38,0 7.4 16,04
. " VWilliams 46,0 45,0 10,0

Nain * Vells 38,0 48 37.4 26,6







Coputations shomimg method of arplying  corrections to
8ase readinge, Intd.inatboga.gamammnat.
lthhthmthplmtmlnm

Leading of plamt gage 50 poumds,

BMMAGMGWMWM.O
Difforense in elevation between hydrant and gage in the Plantecw.’
n:umuummmmm..a’u,¢m-1.vam
Lecding of Plant gage redusef to 1levelof hydremte-00.0 + 1,75 =400
Creoe Of Plont SAKOwe 43,4 = 40,78 w 2,85 pounds,

hat 1a Muwmu.aamm. or final ocorrooto
rediing of prosmues at the pusps is 30,0 + £,65 » 41,85 pounds,
as tolion in the foremoou,

rmnsorpmmnmauthouﬂomcamqlm
'mmama:aesma,mmmw.as .,
memmmmpmmunsorfomoapnsm
uwzmmwmmanmm 47,00
ant 41,68 or 2 pomds,

nmmnmmcqmmmumﬂntwlm.
mmmmmm.wmmmmm
mtmmuﬂmmmummmm
Peedinge. “ho scaomd colwm gives those prossures empressed in
oot of presaure head, “he thimd colwsa gives the elevation of
mmumthWtboMuMQm
mrfmottbpmt,plmtbtwtntﬂnormmtop
tbove tho eurfwse, m:olmumpmmmmhou,gimi
MMM:M,@M%MMM@M.QM%M&.
mmmm;mmsﬂ:-mm“mm..
mm.mmwmumn-.m.m.a-m
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by taking the differemce Letween them, whioh is recorded im oolumm
five. By cessuming the pipes 10 be laid parallel to the surface
and at a uniform depth no account was taken of the dspth below the
surface as the lost head was them the same as assumed above.
EXAMPLE ¢
Observed pressure at Cemters Quaker------------36 pounds.
Correotion for error in gage --- et C1Y - B A
Corrected reading-w-wewe-e---36 « 0,8 = 35,2 pounds
As this is an afternoon reading subtraot 2 pounds or the reduced

reading 1is - - «==-35,2 « 2 ® 33,2 pounds.

From formila, head equals 2,304 x pressure,
H = 2,304 x 33,2 = 78,4 feet

Elevation of hydrant--cwcweew-- 22,8 foot

Total head in feel above zero lake level is 76.4 + 32,56 =
108,9 feeot.

Head above gero at standpipe is 109,25 Teet.

Loss of head between pixp and hydrsmt at Center & Quaker

is 109,26 - 108,9 = 0,38 feet.

Head of water in standpipe above sero in the foremoon,
Elevatiom of bottom of standpipe ---31,5 feet.

. * hydrant at Centes & PhoeniXe---40.25 feet.

Difference in olevation e---

- 80?5 feeto
Pressure head at Center & Phoenix ------ -82,0 foot.

Henoa height of water in the standpipe during the forenoon was
69,0 + 8,756 = 77,756 feet ,
Head of water above S6ro----77,76 + 31,8 = 109,25
Sinoce all afternoon prossures readimgs are reduced to
forenoom pressures by deduoting t.'b pmnd- the head tm the
47
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pipe in the aftermoom need mot e usoed for computing lost heads.
TABLL SIOVING LOST HIZALS AT PUINTS WIIITRE PRUCOUNES YERE AW,

EITLLTS LIIUCDD HIAD IN LV, NIAD ABOVE LOST ITCAD
WADTHGS T3TT 2rno
Cento & Quakor Tie2 & T4 £, UGS £t. 108,02 Pt. R <
® ® ¥ich, £0, 584 Tr a8 100,53 .05
® ® Croun "Ce3 70.C 3e, 07,0 leto
* ¥ Choonix 0.0 ol 40,75 109,20 Q0
Spoadvey & ¥ 0.3 20,0 T6e0 ee, .00
Pearl " & oo 70.4 S, 0 107,00 1,07
Lalley " " 0,5 0hed 4415 loc.us “Col
Ralernz of ® 32,1 70 04 160,2 O
Cherry ®* ? 25,4 5.6 [0, 25 108,00 1,70
Broadway ¥ Groem 00,0 27,8 - 40,2 107,7 PR
Poarl * IrMe 0.3 . 45,8 11%.0 1,75
Loiramzo ¥ Fhil., 7%, €0,3 13 1 107.1 Nl
Cherry * .upor. 19.4 2447 Fd 0 4647 10,77
5:41ay" Conger 20.3 €7.5 le P &3 106,73 Ce 7
lala. ® Vich,. 7.7 63,7 :;5.:5 SleM ¢ 1r, 0T
Ltl.Joe” * 1.3 7208 Sle? 10,1 1,17
*  *llkeme W0 e 4354 110,0 .70
Seliavem® 'oplo 5.7  60,F 3040 107, 5 1,78
L0 L3.Y Dyoke Thed Gl,0 70 102,12 o1
o " RIver 40 107, 5 4,5 1e8,0 1.00
v ® Uolle S44 P02 BleB 111,86 «ly I
e ® Delia Glel 71,6 4241 113,7 oy 4l
Dyak, & Main 2544 £1.6 18.4 049 0, 3R
¢ ® Tilliams 45,0 08,9 10,0 108.9 035
Halm ® volls Th4  B1.8 26,8 108,1 1,17



Computation for size of main from Power House to Kalsmazoo pye
In compuilng tho size of pipe novcessary to osupply a cortain diste
rict or tom, the faximuk-sverage oonwuxpiion must be obtained,
or assumod, Thon since more water is used in the mornings and oven-
ings for domestio purposss, and om lomdays, as wash day, the rate
of flow willdo coasideradly higher. Practice has determimed it
a8 1757 of the maximum average daily comsmmption per ospite.
2180 s nive mual ba dosigned to fumish "n® mubder of fire etrea s
at onoe itime, where "m" 1s odbtained dy the forrmla givenm Oom page
743 of "Publle Zator Luppliss® by Turmesire and Ruseols
3= g.8YY ~ where x = population in thoussnds; each fire-
stroan to delivoer S0 gallous per mimute, Then the ¢total rate
of flov will bes the sua of these 2wo ot:
iaximm rate of flow = 17¢7 x maximum avorage dagly
consumption per capita + flow fron"n® £4rs streaxs at
2°C galloms peor mimuto,
Assumed maximun average oconsurption per cspita per day = 885 gal.
177 of €6 = 150 galloms per oapita.
Population Zor the futuse at 1930 1s sssumed as 5500,honce tho
tota)l consucpiion at that tire would be 16500 x 5600 —= £:50,000
gallons per daye
Qm ?321222- « G573 gallons por minute.
for tic nuzbgg gfzgln etrvaems, N & 2,8 x &)
K. = 6, the mumber of Tire atreams.
‘ach stroam delivers 200 gallone per minuteand thus the total
conpumption will de G573 + 1200 = 1,773 gallona per mimute or
6 gallons per seoond.ihis reduced to cudic feet por seocond

gives a pequired supply of 2,96 cu, ft.per scc.

&BYe






From Merrimars Treatise on Hydraulics the following
formula for the computation ?’t the sizec of a pipe, pase 827,
0. = outre (L)
In "igiy,Ts oofffbbant of l1"1-1ot.1ou 1l = Jength of pipe.

Q¢ » cubic ferct per sooomd. h = hwad lost 1g lemgth *1*,

For firet ocmputation assune £ = ,0° also let 1 = 1600 feet,
4™ 5,98 cuft, h = 10,26
thon D e 0,479 ( 0221800 x 3.'82)%- 12.9 imches.

This size of pips will e mecessary whom the population
reaches to five or six ihousand inhaditiants, in orderto supply
the water eoonomicaly,and not use up the power for obtainlsy
higher pressures.

The sise of the present main is 10 inches which is suffio-—
fient. All the otlher pipes of the system are ¢f sufficient esize
sinoce none are required greater than the 10 inch and the amallest
size nAlowed is 4 inches which 1s only used in the soattered
district. Also the maxirum lo_u of head being 11 feet would ir-
dicate that plenty of water is deing supplied; that ie there io
very low veloocity hemoo erall 1oss quo to velooiiy and friotion.

To show grephiocaly the losaes of head at tho various
roints in the pipe linoc systaem,the profiles of each street aro
plotted,elevations beling refered to gero lakerlevel, From same
datum plane plot Jhe 6GtRal pressures odbtained at the hydrants
after reducing to szero lavcl, Also plot lines shewing eotual
head above gzoro at the siandpipe. Ly commecting the pressure
heads 6!‘ the hydranta thore is obtainsi a curve kmown as the
Hydranlic Gradient which is tho line to which the water level
would rise if plezometer tubes were insertcd at these points.

If the pipe lines are laid approxirmately horizontxl this lime w1
80







be straight. "hen pipes are 1aid in sharp vertieal curves.the
graiient vwil} fall bolow the pipe,shem aots as & sirhon. Thie
should be avoided. In the aceompenying plates arc stow: tho hy-
dralic gregient ghowing thx loased of head at saverul points
of each strost. See plates 11,12, and 13, 10

The following 18 & table chowin; te mmber of feet
of the several siszes of vator maing in tho alty.

VAT R MAINS,
; &I’L‘ feot of C" wrought 41vom pipe,
1500 © epp @ . -
i cq0 * ® 4 gast . =
7 ceo " . i * 0
4 000 © . e » £ v
L2206 * % @ s ¢

The city &8 divided into three gections, A,lB,and C, ond
tho followin: tadle ahowas the mumber of each tizo of meters
at precoat installod in eack seotiom.
VATLR YETERD.

0iz68. s/oe S/ 3@ 1. o o
800te s 040 3 0 . 0
Seat. C. 205 30 p { 2 )
Speclal 12 7 1 ) A
Lorvice

Total G 23 2 S 1

Total meters installed - 0H1ll.
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FIRE PROTTCTIONR,.

Vire hydramts miet be of such & nurber anl 0 located
as to make 1t Possidle toc oonoentrate two.thirds of the mmbor
of reQuired fire stresms similtancously an any mmo squared.

If 'y' is the muxber of fire stresms tc be furnioshod at sany ome
tire for the engire eity,by Fulahlingh formaia, y = 2.8 =¥
whore 'x’ 48 the population fm thousands. In this cease X = 5,0
there fore ¥y = 2,8 % 5.6 = 8 fire etromms.

For rosidencs ssotions,ono-fourtnh of the total mmbder,
or twc fire streans is sufficient. Acgording to Frecman, twoe
tmu:umwmmmmumrormmmmot tho
campact business sooction. This gives faur s the reguired murber
of fire streamc frr the dusinces sestion,

HEydrer.ta should not 26 @0 far spart as {0 roQuire moro
than fivo lnmdred feet of hose. Friciicn in tho hose msily
reduoces the avalladble head. By exaninin; the map for the loocotion
of the varicus hydrents,it 1is foomd thnt the adove requirenents
. aro met, ‘hore are 108 fire hydrants,rearly all of which are of
the two-way ilyre. "he presmmre uscd Guring a £iro is odtained by
srtting eff the stand pipe and imoreesing the presasure of the
naing by auxillary pumpo.

FLUSITNG,

ile obininimg the date for this thepis,tha prodlem
cenc up of bow to thorousll; flual all tha mains of the olity,amd
to Ao 1t offeotively. It wao very ovident that the pipes nceded
oloaning,for while oblaining hydrant pressurcs the water was

turned on fully tem mimutes at the cormer of Kalamasoo St.,and
YASNSCaRodYed,apd at other points for five mimutos before the
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water olearod up. ‘he first gush of water was rusty and redish
bromn in color. After the rusty color orcared up, the water aproaro
mddye Thie would indicate thatl tho mains are lived with fine
duposlis of alay,send,anc sedinont of most sy sort,and whem Ilucha
out, those doposita are etirred up,and carriod along bybthe imorvode
‘voloaityes 70 40 any effective flushinmg,the water must have gquito hi;
voloclity,and to get this,the flushimg must be Gone in soctions.
“his can ho dome by Qloming tie gates of all lines exgept ome,end
operning the hydranta at ¢ ¢ end of this line. By inoreacsing tho
nPracsurs at tne pumps,ad gating down the maine to streight lines,
cpdn at the farther end,the sedimend will de waslied loose,an’ carri
sl of Lo malus. However,as the workmom of the alty roport, that
moat of the zate valves are out of repaim it wi2l de impossiblc
to ¢> any roal effeotive flushimg. Under such conditions 1t
would b0 advicable to repalr Lhese valvas as coona@d poasdiblo.
Irn tto ~san téee flushi- 7 by oponing the hydrants at varicus
Peointz in tho olty would be better than nct fiushing at all,
FIS CNE

TITLLT COIT,

k3 sctual cost to Lhe city cf the watyr worts rlant
te “arch st 1408 accoerding to tho Uity Cleriis books fe [07,007,00
Invontory arch lst 1uC7 by L.AJIridges, Supt.of Publio Vorkce

Shalll WOIGiGe

reilding ¢ 5300400
Land 800,00
Intoke (ncw) 20" 20000,00
2 old purmps 200,00
1 Nlow "riplex pump 1:550,00
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Noilors g ~,000,00

Gtacts 140,N0

Cendongoyr 00,00

Condenser saction 100,00

Jtean Prosgure SAascs 754,00

Tools 2%.70

Haine 22,672,000

~tandpipo 54 C00,00

Yators $49 £,000,00

{mall pire % Eydramte 4,750,C0 2 0£340174"0C
Lepraoiation according to this invm;;ory, ) D%,074,00

2 0B, 000N

GO (v wn 4P G W BN DD
BALAJC,, BI:IV AL SUILTRINY fer fisca)l yenr onding
daroh 1ot 1811

Valus of plant acrreproscniod Ly out siehding boads and

indebradness, AT B S P 2
PRI VI S SO Gt
Yower dlousc s, 0
eLefice eculpment 07 020
Croadwey tt.ottbs 17,2
" * lador I Ln
Row zetora 240N, 00
otsr box tilo 305 BT
Tils covers G040

I'ips fittings riBe08
‘Labor inatalling -.030,20 70970220

O



¥atorial sold

Depreclation
Prepent Lok veluo

Preecnt bool valuo Yarch 1ot 1911,

RS 10,0
2,847,445

DIDUICIATION

e

;: ":8' 681. 3' "‘

“hs derreciation is esticated on the followirg dagis
tv o tha Doard of fublie Vorke for the fiacel year emding

1ot 1011,

PASH S SANETI AN B IDATLE RALL OF
VALU:: P CTATINT
Powar ocuse | 7,370.00 65
Tntale 135000, 00 27
Budlaing 29 50040C 4%
Biroa 1ine Saig 7434 00 i
Natomg 19 000,CC et
Gtand Pipe D000, 57
CU. STARTING RONLE,

DAT. PAVAILAL

1011
1012
1913

BOURS
§ £,000400
£,000,0C
54500400
£,00C U0
25600200
2,000.C0
Tl 0s 0
E5C0N, 00
4000406
18,000,00
80,000,00

DI PELCTATION
¥ 443,70
300,00
100,00
604,02
720,00
00,00

P o o

Haroh




PAYLNT OF FIEST COLYe
The wmothod of paynent $f the first cosd has dDoen dDy the
issuing of bonde as will de seen by the above tadle tho date of
payment of tho donds has been scatterad through the various
yoars,with tho exo-ption of the last two,8us respeotively in
1031 and 1037, Bt was expressed as the probsble policy in re-
gard to these that at,tho tire of thoir raturity thoy would dbe
taken up and reissued and nmade payadlo at imtervals in the futurc
the same as the prooceeding issuos, Fo provision for s sinking
to moet these bonds at maturity h-s deen made. Tho omly metdhod
of taking into comsidoration the deoroscing valus of the plamt
or 1ts rejlacement is the charging of am ssmial depreci:tiom
aoooTding to tho schedule givem proviously.
IRCURANCE
Insurence 1s carried as follows,
On Power llouss and iquipment ~ewe ---«-10000:60
0N Uork SBOP- e--emcecemeveren e ceme-e JROCGO0

B Bollorpee-« cowee-« -20000,00
Total e -« 31000,00
ihis includos both water plamt and elootric light plant,
It 1s estimated that two thirds of this arplys to the lighting
plant and omo third to the water plamt,
BATES
The following schedule of water rates 1s in effest in
the citys

1st, 2000 gallons OF 1088--<J0,28 per 1700 gallems,
2nd, . . ® 0 e 008 ¢ . »
Sra,
4

] " [ ] | — 0.33 L J ® ]



4th, 2CCO galleoms or less ‘08 per 1 00 galloms.

Bth. . ) . " 0,15 ©® . .
- eeosens covames—w
ond 10000 © bl . 0;16 9 . .
srd, ® L " . Ol © L .
4th, . . L e 0123 ® . b
5the " . . . 0,10 * ® »
ond, 50000 @ . [ ] 0,00 * L L
d, 100000 * » ] o;m L] s L
Hext 20000 *® ° » 06,00 ¢ ¢ @
All water in emgess of 250,0C0 gallom:fhwnished quarter
yoarly - ecos ~ee-ee «0,08 popr 1000 galloms.

Vater metsr remt is gharged shethor service is used om met. All
m-mumm”mmaummmnmmt
against the individusl.  Tho minimm charge for water shall
contimue unloss we have orders to out off the water.

To accounts not paid in tem days from date of invoioe,
ton peroont will de added, and if mot paid withim twemty days
service will bo disoomtimed,

The city 4is divided into three seoctioms: A, B, and O,
Section A inoludes that part of the aity south of Phoenix and
andwest of Cemtor streets, and dills for that part of the aity
are sont outd larel 18, Jume 15, Septscbor 15, and Degerder lg,

resphotively.
Seotion B is that part of the city south of Phoenix

and sast of Center strects and Dills are sent cut Jamary 185,
April 15, July 15, and Dcotoder 15, respeotivels.
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tootiom C is thatpaﬂprthoutymﬂtotw Ete
and bills are sent cut Fedemary 15, May 15, Aug. 15, amd Nov, 1r,

Cost of pumping watsr for fiseal year eading Mar, 1; 1911,

Total water MEped-eee - 116,416,270 gal.
| TOTAL O0ST. COST PER 1000 ®

Cosl ¢ 2385,88 & 0,0008
Power Ropairs snd turplios . ££8,11 0,0078
inginoer and Firenam 1224478 | 0.,0108
Line Ropairs and laintonance 105,70 040090
Intake Lepairs o 1791,69 0,015¢
Gomeral Ixpense 600,431 0.0081
Iaterest and Depreciation 117,42 0,0468

TOTALewweceeeedBIT1,082 0,1147

WVINUL FIICH TATUIR RATES.

Vater semts. § 0008,76

Tater fop flushing mewars  @80,18

Tater to the city
Vatoring troughs 881,04

Pdblic bduil 40,77
Street upagﬁgg 819,00
Fire protectiom, 102
fire hydrants at § 28,00 208000

GAIN 310,72
TOTAL COST  13771,02







OComclueions dramm from preceding data and rocommendations
dased on the samo.

The sane goneral outlime will de followed im setting
forth thess recormendations es im the discussiom of the data.
Therefore the first 1tem will be the scurce of the water supply.
At first thought 1t would seem that there gould be mo bdetter
aPply of water tham that of Lake Michigan, There seems 0 be
en unlirited quantity of clear, 6001, pleasant Sasting water but
unfortunstely there are serious d1£ficultios to de met im obtain-
ing it, Nearly all the oities which odtaim these mypply thus
are located near shme Tiver into shich their sewage is discharged
often with ontire disrezard to the poliutiom of their water
srply. In this case the intake 1ies oaly 138 feet to the south
of the river and only 00 foet fyom the effective mouth of the
Mvor, 7The natural currents deing im a southerly direetionm,
carry this polluted water towards the imtake oribd, If it were
precticable to édbend the imtake far emocugh 1ato the lake it will
be possidle to odtaim a satisfactory waser but the expensoe of suoh
an undertaking would be boyond the meams of & oity of the sise of
mtbm. From the results of the amalyses of water takem
20009 feet farther ocut, it is plainly seen that no srprecieddd
bomifit would de derived snd sdme conditioms of weather it i
oven worse, Ihdis 1s due mo Goudt to the currents set wp dy the
wind, coubined with those dus to temperature chamges amd the
current from the river, Little is knowm sbout these surrents and
thair aotion oan omly D@ G toriired L7 o comtinued cerios of

vhecrvotions,
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It is unfomtumate that the wator works plamt should have doem
100.:ted at $4s present position., A dlstamees of owe half nmile
farther north would, without doudt, have given a much dbetter
@ality of water, ihe ocost of reduilding at such a poist would
however put this out of the question entirely, In looking over
the possibilities of another sourcs it has beon suggestod that
desp wells might de used, The geologioal formatiom however socns
to bo suoh that there is mo Geep ground water avallsdle. At
different timos wells have beem drivem dy private parties to depths
beyond the possidility of a ¢ity surply aad yet foumd mo wator.
thercever water is fouumd it seems to Do iwpregmated with undenire.
sdle chemicals, Tells of this type are mot to be considered as

& source of surply. Another sucgestion hes deem to 4ig shallow
vells on the beach amd got water shiich has peroclated through
the sand. This we thisk to be ocut of the questiom bdeocause of the
shallow layer of thie sand amd the umoertainty of the water
being sufficiently purified by this process, It is aleo dowdtful
whothor & sufficiont quantity eould be seoured in this way.

In gohoral these seoms t0 e three ways of remedying
the existing conditionst First,to go far encugh into the lake
to odtain the desired gmlity of water; secomd, to purify the
sewaco Defore dischareing imto the river; third, 0 purify
by filtration of to disimefoot the presemt apply, These will de
taken 1p in Getall in the following paregraphd.

The imprecticability of the first has dsen parily shom.
The firet oost of the presomt intake, extemding as it does 0000
foot into the lake, was 20000 Gollars., Ome of the large lake

mmuumuuomummmcuu
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2 CC foet fart er at the rate of 18 dollars per foot, or for an
oxtonsion of this length a total ¢oet of 54000,00 dollare.
Tide &istanes,owsver, $s to ahort %0 make gertalin & salfe surpl-

of water. The analyses show that under a comsidoredle mmber of
weathor conditionsthe water is s Dedl] comtaminated at that

point as at the presemt positican. It would yuodbadly meed s exten.
sion of ome rile to remove the poseidility of ocossiomal times of
pollution. ‘his would rendoy the cost prohiditive,

The seoomd method, or the purification of the sowace,
also presonts several €ifficulties. In order to uwnderstand theso,
. & short discussion of the difforent mothods of eewarse purific e
thon will de given, Tho mostly widely practiced method of sowage
disposel is dilution,that is tho sovages is diluted with sufficient
wator to carry it to the noarest strean where 1t is discharged.
The natural prodesses of purifimation them aftor a time reduco it
to hammlogs compounds o ‘his howover takos langor then 1@ fonere
aly supposod and the presomoe of spocific diseaso germs inorcase
the dangor of oontanination of the water mpply. There ars two
goneral odbjeots in the purification of sswage, 13 to remove
tho colid mattor and thus proevent an offonse 10 sl ht and mmell
of the strean into whioh 1t 1s dischargod; 2 , to reduce it to
harrlese compounds and dlistroy $he 4isease Dactoria whioh 4t may
oontain and thus remove the danger of polluting thoe water surnly.

The mosms employed to ascomplich thds are usualy soroon-
ing, sedinentation with or without chemicals,eeptic tani:s,filtor
bods,and irrigation. By ecrosning and sodimsntation omly the
first odbjeot 1sattaimed and the dangor to the mater myrly is

not natorialy reduced, For tl:is poason those whll mot Do oom-
2






sidered further. Irrigation consists of allowimg th; sewage to
flow over large areas and im solte cases using it to irrigate
growing oropu; This would mot be practicadble,&ue to climatioc
conditions,the lack of sufficient unococulied land,and the topo-
graphioc features of the oitﬁ,a.nd will not be ocomsidersd further,
For similar reasoms filter beds would mot solve the Aifficulty.

In order to colleot the sewage at ome plant it would be mecessary
to pump part of it acruss the river which womld de quite expemn-

Bive. This limits the fleld to septic tamke and ome othermosns
which was not mentioned ,namely the die infeotimg of the oevagé.

m septic tank is a oonorete reservolr through which

the sowage and subjected to the action of certaim bactetia. It
lhouldfof a capacity sufficient to hold 84 hours flow. THe sewagc
flows in at the top,mear the upper éxd amd slowly through the

tank $o the lo=or emd. Due to decrease of velooity all the solid
matter settles and is aocted upom dy certaim forms of dbacteris
which liqugfy it. These tamks are covered amd the outlet is ar-
ranged so that only liquid matters pass out at the lower emd.

The velocity of flow is checked by baffle walis across the tank
and oxtonding mearly to the surface. Abortdn uouni of sludge

or solid matter gradually ;oommla.tel‘st the bottom arnd must
oooasiomaly be removcd, Comtrary to the gemeral idea the liguid
flowing out is mot purified and may still contain pathogenic bacterh

which make it a source of danger to the water supply. The follow-
ing paragraph quoted from Kimmiocuts Wimslow & Pratt¥s Sewage
Disposal PA?E 144 bears this out, *

"Tie opimion that septic action dis trogs pathogemio






bacteria has boom occusionaly expressod by vVarious odsorvors,
“his 18 true onlg 0 a lirited dogree and no rolianco should de

rlaccd upon such action whore sowage is to do purifiod with a
view to proteoting a water syply.”
Tz it 18 goon that a septic tank trcatment mnst be followod dy
£iltration,dlsinfaning or othsxears of rurificatiom, ™he Lost
practicatle means of disirfedting sewago is by Chlosine fyom
ahloricdoe of léme. It 10 more &ifficult to disinfest aruds sowacoe
owing to lar;e particlos which will not s pemotrato# by the Als-

injootant end 1n order to bresky thees wp, the sswage must be
Paseod over sorecns upom which Jets of wator are Playinc. he
sffluents from sertic toanks are more salaly treated sinco all the
#0lid rattor has been ligquifiod, The addition of 78 parts of
dloaching powdor to @ soptie offluemt,per milliom galloms hoo
doon imown to reduce the bastorisl eontent 097, 7¢ parts por
million galloms would roporsemt about £:15 poumds of bleachin:;
powdore For South FEavem the dally flow may Do estimated at 300,000
gallomzand for the treatmeont wsould roquiro 200 poumds of ohlorido
of 1imo at @ cost of gay 2,25 per day for choricals.’d ropgard

tc the oost of soptio tanies soveral exarmlies are glven.
A tank at lake Forrost 111, 0apacity 200,000 galloms por day
coat {,C00, One at Seuwstosc Wis, handiing 100, O galloms por
dny ooet 5,370, From this a rough estitato of the eosd of a
tank of 300,000 galloms capocity would be § 12,000, The oost of
a diginfecting plont t0 acoompany this would mot excoed . I 500,
making a total cost of { 13,000, The oost of Qlairfesting has
bogn estinated at § 9,00 por 1,000,000 galloxo of septic sewage
or an average of {3,00 per day.
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It ia believed that 1f sewage purification wvas intemded,
that the sopiic tamk amd Gisinfocting would be the most preotios:
abls for South Haven. This would aot however proteoct the water
-UPPly,as all the basteria camnot be removed,and desides the
intako of the wator syctem,lyimg in the path of sevegatiom is
1iable to ovcaszicmal polutiom. If for iastamoe,s oomvalescent
typhoid patismt ebould de on bHoard stme vosssl,the dwmger mighg
o soericuge Tor this reasom 1t is Delieved that tho bettsr method
28 ti purify ths wator agply,rether then the sewage. Hasem,in
his bock,*Closs Tator smd How %o Jet It,* states that he
mmm”mmnuwmﬂuﬁmnuw
es tom dcllare spemt in sewage purificatioms This loaves omly
thr last remody, st of purifying the water. & brief cutlime of
the methods of acoomplishing this will be givem before taking
ur tho reccsemdations for the particular oses in hand.

THE PURIFICATION OF WATER,

In the purification of water roferencs is usually sade
to wator supplies intended for domestia uses. It may howower
Do ocomsidered to s pPly to ather suppiles as woll.as for exmmple,
the water used for mwufasturing PusSpPoAes. mm.m
wator should be s6f% emd free from organic and nineral mbstanous,
which form cbjooticgadle seals in dollors. For browsrios,sugsr
and staradh faotories,a vater free fronm dasteria should de
provided,and in dle fastories,lmmdarice and sueh plants,mator
free frcem drom should be obtaineble. The main objest,however,
in water purification,is $o0 dtain a supply mitsdls for house-
hold purposes and for drimking. In housshold uses,alkalli and hmd
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wators are not suitadblo simoe tho chamiocal oonstltuesiste himdsr
the aleansing action of poaPh. The purifioation of sush waters
therefore decones an esonords foature.

The purifying of vater for a potsble spply imoludes
two objleota. Tho noet importamt of thage is to sooure a surply
froe fron pathogzanis bastoria amd the other ¢to obtain a wnter
Dleasant %0 the taato,alemr el snartling to look wpom,and froe
fron cdjeotionadble odors. 7o the oormon obaorver the latter is
ofton tho more important.

The sourcoe fron which water will msed purffioation s
in gomoral,murace wagor,which is poluted fromoomtast the
surfaco. Sroumd waters as @ Fulo,do mot meed 1t,as they have been
purifisd by natural meamo. There are tihrso gomeral moans of
nrification,vhich nay ho snjlofed singly or im ocnbimation.
Thoy are scdimentation,filtration and seretion. Theynare used ¢
to remove suapondod impusities fyom the water. To remove the
degolved impurities,another method is resortod to. This 1s the
addition of & ehamlcal whioh will precipitate the umdosimeble
olomonts,and thom removing them by ome or mors of the gbove
pethods. 70 remove basterial impurities smothsr mothod is
scmotines used,nsmely sturillisatiom.

Sodimentation 18 one of the firet mothods %0 be used.
Surfose waters,eapecially thase from swiftly flowing stresms
oontain nore or less ocarth or dlay im s fimely dividod oomditSewn.

These partioles are carried alomg dy the curromt until some lageg
large body of water vhere ey settle Guo to thelir differemeo

in spocifioc gravith. Natural sedinemtation takes place im lakos,






snd pomds and ite offoctivoness h\’shc'n by the ole:rmess
of the wator as corpared to the turbidwess of the streams by B
which they are fed.

Artifioial sedimeltation 1s cbtaimed by storing the water
in large reserviire and peduding the motionm, thusalloving the selii-
meat to sottle by its owm welght. The lomger the water can de stored
the better the results will be. A large reservoir also allows tho
water to be shut off Mﬂns periods of hégh water,whom the quantity
of suspended matter iz high. A lerze mumber of dactoria are aleo

carried dowm by the suspahded matter,but these omly oollect om tho
bottom end growth may teke place there, If there is suoch presemnt
besides imorzanio mattor a satisfastory spply cam rasely be obtaimed
b3 sedimontation alome. Tho time required for ssdimemtation to take
place varies with the mature of the suspemioed matter. Some wators
require only a few hours or days _while others may roguire mdaths
oven nonthe to soocure a satisfacdry degree of purification.
Sedimentation 1s carried om in two ways. Rither plaim or
with the additica of a coagulant chemical is used. Itmay de carried
om ocmtimucusly imtermittemtly.Im the eomtiwuous’ system the water
flows dhréugh a series of sottling basihs with such a low velocity
that the suspentoed matter has time to settle. The rew water flows
in adbove ard the putified water ocut delow.The operation is contine
“uous, tho hoad 1s comstant and the results are practicaly as gopd as
in the intsrmittent systom. '
Alomg with sedimentation a cosgulant is sometimes used.
This consists in addirg a coazmlant chemiocal such as Sulphate of
Alunime or Ferric Eydrate to the water defore sedimemtation. Thess
chsxiocals form a dulky gelatimous precipitate which settles and






and ocarriec with it the suepomded mattor amd a larg> part of tho
baadetial oomtemt of the watore. The omly odjestiom to thesso chormi.
oale is that the aocid left ih the water {mereases the eorrosive
action om the pipes. The additiom of a scagulmt rotards the sub-
aldomce of the suspstxiod mattol 80 that a lomger time is requirod
to oomplete the proceses Ow this sodimentation with a soagulant
10 usualy prelimimary to filtration.

There are two mothods of filtratioms,the slow semd and
ths repid mechaniocal filter, The primcipal differemce is in the
ratoc at vhich thoy are operasted. The first 1s operatod at tho reilo
adout 3000,000 galloms per day amd the otherrat adout 100,00¢,r00
calloms per acee por day. ™he irst samd filters were used in
London adout 1530, tho oheif o-Jeot at that time was to ronove
tho turdidity of the water supplied to thoe aity fom the Thameco
rivor. It {no only roommtly f.hac this wethod has vecoived its
doacrved attemtion in this coumtrys The clow samd filtors are
large resorvoirs haviemg a tight bottow om which ia laid e systen
of Gralne of vitrified tile. AbOwe thoee fs & layer of brokom
stome in graded sizes amd @ layer of fime grevel. Ths depth of
the stome 10 fron: £ ¢0 8 feat. Ox the gtons s plaoged a layer of
fror 2 to 5 foel of sand, This Ded of sand 1s the grue r£iltory
The wator is nurped om to thic sund and flows through 1t By grovi?t:
into the syctem of draims and to the clesr well from which it is
ais trimited, As ths filter comtimues in operation the rate pf
flow docreases umtil a cortaim fixed hoad ie reashsd whom the
filtor 1o drainod off smd tho ologged samd romoved. YThom the
¢ nd bed 19 yeduoed to 16 or 20 imches a now layer is added,

e wator fron a slow sand fiitor is mot only improved

in oolor but also in the smoumt of dastoris ocmtaimed,
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It was thought at firet that the filter aoted only as a straimer
but a dactsriclozical oxamimation of the effluent chows that
neny bactoria too smal] to Bo rezoved dy mere straoiming are ronoved
Aftor the filtor haa desm in oporatiom a fow daye & sliny ooatimg
is formed on tho sand, amd it 19 boaleived that this ooating 1s
saused dy the bacteria smd is the plac: of tholr romoval. This ie
abetanciated hy the fact that a filter incmase: in officiency
as 1t dooomos older. The lregkiyg or remowval of thia goating
cousos & dcoleace in tho efficioncy of tho filter until a now
coating has been formed. Tho officienoy of a alow semd filter ie
high oepooialy whox precseded by aporied of plaim or coarulatod gelde
Imentation. Im wmany filters an efficiency of 00 to 927 1a obtained
with ratos of fron two to,chree M 11108 £allrme POr ASr® por day.
The repid filtors are sizilsr the slow sard type but aro
of sualler area and oporate umder greater hoads, giviag highor
ratos of filtration. Thoe umits are small in aron with & dod of
gxd throp or four feet im depth. Becmuss of th's high rate of
flov the filtors wmuss be cloamed egery fow hours, This is acoone
rliched revorsing tho flow snd anivating the aard dy rechamical
moons at the samae timee. The astion of thesa is mot sxaotlg o milar
to tho glow eand filtor Mut !;; results ero practicaly tho osme
capocialy 1f a coagulant is used provious o filtoring. Uxporie.
monts v cities having rapid filtsrs show that are fully as offi.
aiont as tho othore and sre rmore somvenientrin sizs, They require
more care im operaticn howswor than the slow sand type.
“ho third nmoans of rurificatior is acration, This oomsicts ia
placing fountaing !o the resorvoiss or allowiang the water to flow

ovor cascades thus abkeording air. "Nis hac 1ittle offoct on the
orgamioc ratter prosent dut may de of value im wemovimg odors or
o8



prevomting tho growth of vcretadle organiems.

Another mcans of romovimg baoteris is by disémfeoting

tho wotor by the additien of zore choriocale This 1s bost domo by
adding Chleoride of Lime to the watereThis octpound comtains about
304 6f avellcdble Chlorine which is am active gormicidoe. Daotcria
treatod with this evom in vory dilute porportioms are dictroyed

in a few hours. Ty wator 1o not irrailrod dy its additiom I3

eall oucntitiod oithor im tacto or cdor. Ia fact tho omly A1ff r.
emce wvhicll ¢ be detecicd 1e a slizht incroasc in hardmess.

A Plant of thi® kind s irn oporaticn in Omgha Nod.in commecticn

with settlin, bLasing.The porportiom of Cliloriso foumd nmost offoctive
thery ie.s 043 parts per milliom galloms Or approximately 1 part

of Chlorido of Lime pour 'illliom galloms of vator. "his repses mts

e% pounds of tho chemical for this quaxtity of water; the bast-rial
officency LOlrg CT7e4%

Fren tho above it will be gean thatl thergcare three
wayo of irprovimg the water splys mamely mochomical f£iltrati-n,
plow sand filtration, amd dlsinfoeoting with Chloride of Lime.
ihe other pwooessos are treoatnemts rreliminary to oms of these
threc. Hochanlioal £iltors are sultable for river waters ocomtaining
largoe anounts of suepaided mattor which ruct de removed by ocarula-
tiom or sodinmontagion before filtorimg. Umder those oonditiome
they oporatc nore succossfuly thua ho uwlow samd filtors whioh
are poru sultable for rolatively clear lako waters.

+ Im the case of south Havem it 1s Deleived that ths moot
satisfactcry solution of the problem will be the imotallation of
8 olow sand filter amd umtil this cam dDe dome it is rocoocomemndel
that a plaat for the disinfecting of the wator dy Chloride of

Lime bo providod,
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TLoro seent t0 Le g9 tordemcy towards holdimg Mumioine
alitios reaponsidble for the dcaths csused dY a polluted wator
mpplye The Uimmosota Suprenms Court bhac held thuti they are so ro-
sponeiblc and that e deccaczod’s heiwe nay rucovor donagese Tho
Court of New Yori Las hovover deoiced fo the comtrary.lt is doleivc:
that 1t vill Gowvevror bocoo a Question for omportant logislation
bofore many yoars &'d £ will becore necossaly for oitiss to
rarify +helr vaiter auprlios.

“horve ere other tuimgs that w! hi cause the spread of

Jyphoid benide: the sater eurply.Open rrivies whooe ¢ nteants
ray flltor into shallow welle or from whlch flies may carry inTco.
tiom are a occastant merace o the pudlio The pecple are earras'ly
advisod to comnoct te the sswors shore evor pounsidble and 4o avey
with these muisamoes. liuch oould be dome to reduse the damger

from flics by rorovins all docaying verstedlemmattor amd refuse
fromn ptubles whioch form a dreeding plaso for these poutse
ithere thore is a case of "yrhoid all the oxareta awd waste which
mayr have any ciiance of boing oomtanimaisd by the patiemt should
be thorouphly Gininfedtod bofcere satoring tho sewer or otherwico
Aisrooxi ofe'this would do rmuch toward roducing tho camger fyror
the waior mywly.

Amother importamt itet 1o In thw $00. Yoarly all tha
100 used localy is obtalmsd from th- Fiver awd much of it from
voints bolow the moutha of the sewers. "hie writey has scon ico
cut orrésita the sower at Dhb and of Comtor gtroet and mo rererd
paid to the faot that a largo part of ke sownjo of the oity
ontore the river at or just avove thie point., Ihds fce should n-t

bde usod at all mor should eny 1co from the river de used whero tho
is a poosibility of 1¢to oowig im oomtect »ith food or drimk or
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with utonsilos comtaining thome i is btoloived to be within ,
the power of the loocal haalth officer to sco that mo 10e ie ocut or
offered for scle from emy point belov the outh of a sswer amd
that Lo would de fully Justificd 24 doixm; ®0.

DLCION OF FILUEATICH PLANRY

Ia working out the dosigx of a slow cund filiyr who
first occnolderation is the coount of water required per cage Tho
paximm anount of wator pumped per day is 5C0,0C0 galloms por
day.'ihe paxisun rete of flow howover is much large: tham thic ed
1t o1 customary to allow 17:% of the average Tlow as the maximm
ratos The avurage rate of somsuuption is 85 galloms per carit-
rordaye Takimg 1767 of this tho maxioum rate would be 150,56
gallomae por oapita,. Assuning thoe population,from the gurve,acs
Gy50C m 1030 or twonty years 14 alvamcs,the total maximum quantitr

of water required 18 150,535 x &,000 & €27,780 galloms por day.

Lxperiemce imdicates thatam averagse rate of 3 milliom ailmn rer
aore per day is asafo rate of filtratiom. lr.iaseom im tho Aldany
plant acamed this rate as das boom domo im several other lar::c
pPlants, “hie will Do the ralte edopted im this cosigm. The raximm
rate required 1o 827,750 galloma por day or to be om the safe eido
" 19will be anmmod as 1,000,000, Hemos the total arec required ie
one third of an acre,

Aocoording to modorm developmomts it is sufficiemt for
snall deds to espurate thaus Iato threoo partse In this case thore wou
de tinvwe deds of cro minth of am scre area cach so that ome bod
ray b2 cleaned while the other two are im cporation.

va 7N



Turnesure and Russel ix their discussion of slow
sand filtratiom bods, says? *The ocat of & filter may roughly
be estinated as rade up of two itenas

(1) A porticy proportiosal to the ares which would imelude
0088 of bottom, fillimg, small draims, covers, and the emd walls,
( basine assuned rectamgular oad ;laced side by side.)

(2) A portiom wmoarly independont of the sise, such as ocost of
piping, valves, valveeghardbor, divisiom wallas, esto."

For this dssige, which is only meamt as a prelirmimary
survey of the situatiomy, tho cost caxmoi be osiimated to amy dojree
of acoursay, Thec oxly method of zoitimg at it,is to oompare with
Plante mow in operation. ilowever locel comditions vary amd must be
comsidored, At achlamd fuoomazinm thelr ocvered filters of ome sixth
acre saah oost 40,178 dollars. This figure was oongidered higher tha
uoed bave beca., IThe eaverese Gegt rurs at sbout this figure. To
this cost will have 0 be aided the cost of clear water reservoir,
wiish smounis to adout 1000 dollars.

CENLLAL CORETRUCTION,

or s exall p’ait 1t 12 best ¢t~ arraag: the dbeds in a
single row. £imoe they are to be oover:d the walls must to of
rosonry and wator tight. Comcreta well roinforoed is a verr satic-
factory matorial for th#s purncse. The cov:iring for thom may do
of the owxc material amd proforably a stralnnt, flat roof,which
is much dlicaper thaa the archod type and amswvors the purpose ac
woll espscialy for saall beds. Tho umderdraiwns will mm croscways
of sach bed a4 oommest to ¢ simgle main pipe rmuming the emtiro
lomgth of the theoe beds. This arramgomont will permit the outting

off of any ome bed for Olesnimg. This maim pipe is to commoot to
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the cloar wuil whiel o loculed beitwse: the turping station and
the bods as siwwwn in the plams "“ho olear woll should have a Osproity
oqual to the @cunt cf water tuee! during thavo hictrs of fire
piu sthy usual duRaed “hdc will give fer Si.:{ fire ztreame each
doliveiding ©00 sullomn por minuto a2 177 of £2 gellone a total
of atout UlC,C0C galloms. lownvrr thu pitand pips moy ke used Lo mp-
ply tho dosand Lrwcddately aficr tho fMre mrd hunco corve as part
of the cléar weile “hwe copaoidy of the viund pipe §8 205,000
gsllouss ho roquirnd elze If ihe olonr well 4s thom ebout 10r,nen
gallicus or to bo onilirely scfe N0,000uallrne will be used.

IS FILTTRITG SATDe
e gand Lo be ueed et Do of ordimare firamess fror

Cel 0 Oe4 tm, in dlametore Fimer thar ¢his wil® emuse ologring
and moocossitate froguont ologxing. Zhe samd should bHe free fron
olay axd amy or;anic watter. Ia zakin® up ths filter hed tho first
laysr of brokam atome should Lo adout olx imches In depth amd sbove
this a lggor of rinor stcne umtil 1£ gr2des into tho samd at a
thicimesa of fwom two to thres fost. Ths somd layer should do fro-

two to three fcot iw depth mmg 8 total dopth of fTive or oix
foote ¥Or cleaminmg the sand the woderm method §8 to use what are
called Samd eorsplin: and washing machiwoc.

LOCATION, |
Frim the situation of the rumps with refowence to the

ahore 4t would harGly b6 sivisable to looate the Leds dotweem thoo
l‘dthoMaaﬂnMuMImdtthn!upmdm

the doach wuld be direolly over thom. There might also de somo
dansor of their deing disturbed im the case of umusial stérws.
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En th!s discussion omly a gemeral outlime of the filt-r
ie givon and no atterpt is nads the dotails of the comstruction.

Total area to be omo third of sl acre,

rhnebod-ud\o:omuzefmm‘u‘raa.

Ares of each bed -x 43, 5C w 484C square foeot,
With this ares tho rost ocm;oniont 8izo of oach bed $5 100 x 45
foets This sxcoue of sirca will im part ocorncasate for the -pace
ocooupled by tho apporting riors. .he bheight abov: tho semd should
b6 at least six fout 10 allow for ocdacicpal high heads emd piv
roor for soraping smd washing th:0 usand bade The head of water
undor which to oporate ocan cmiy be deleruinoi after the plamt ic
in operstion dut with heads of frou £~ur to five footgood rosulis
hiave boom odtaiwod in similar plumts. Ian tho drawinag sketohsod ars
ghowla the dimomsions ard relative positions of the huds,@raine and
oloar wells.

HMIPInue

here s 1ittle that oam Do sald iu rogard £0 4PProvee
oonts im the pumping plant. Tii plant is well arramjod snd 4n on
efficiont state of oporations Owe sugzestiom might bo mado oo to
the division of the boiler room oxpomse betwiem the pumim; snd
1i°hting rlants.lf a careful tost could bo made of the officloncy
of the pumps when supplied b+ abolilor rmmximg undsr its full
sapecity a detter division ocould he made “ho oout of pumping tho
auty of the pumps would de more mearly accurate. “his would do
rores satisfactosy to both depart memts.

PIPC LIiND S700LM,

“he pipe lire io of arple eime for the prescmt demando
and the omly sugrostion is 2 regard to the flushiag of the ripos.
The amalyses of the water show that a comsider ble settling aotiom
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takes place in tho pinog. This sodinment ray contaln 2 ormsidersdlo
Quantity of dastcria and althous) they do not rmltirly 4ir this
doposit they shorld de removeda as much a3 posuﬁ:lo. hem those are
stirrd up as in tho caso cf afire thoy rmay be 4rawm from the tare
im moro thea normal quamtiiicrs. Flushing should do carried on in 2
regular and pycteratic mammor as has doen outlimed dbofora, I¢
would bo advieacdhle to motify tho psople whem this was to be dme
and to Hoil all tho wator used durirg that tiro amd for a fow 4orn
aftervards., Bf the flushir; cam mot de oarried ou! in tho mammer
outlined 1t would be better to flush by opomims tho hydramts st
differemt vointz tham to 4o nothing. Itis deleived t3 Be 2o dcnne
goroup to loave the sodiment in the ripes as to mm tho rigk ~f
not cottins 14 el out,
ULACTL. ¥TAT,
“he greatsr percent of tho gorvioces are mciered sn? thie
is one of the host mosne of oheaking wastes of wator. Amcter of
| the Venturi tyre to resurs the quantity of water pumpod and to
chock 1t with that dolivered tc the ocnsumors would be of woluo,
In thoe rajotity of plants only from FCO to 707 pf the matsor coctualy
pumed in delivered %o the eonsmors. The loas in & wile of good
oalkol pipo may be as high cs 5,070 galloms snd with poorly ¢ N
otructed jointa nany tiwmog this amoumt. In large cition the moicore
ing of ths large wvaine 1s of wvalue in localizing the loakks Bt
this would not de rvraotiwadle in @ oity the sise of Souin Haven,.
NATTE, \
The schcdule of rates seems to be rather more corplioatod
than is nocessary in a city of thsl size, T™hero $s also an odjess

thon to the low rates for the lager quantities. By referimg to tho
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tho data on the cost of mmping 1t is seon that the aoctual oost
per 1,000 gallons is { 0.1147. Assuming that 70% of the water
punpod reaches tho sonsumers the real cost of the watsar delivercd ic
£ 0.1147 & 0,70 ® § 0,1634 , According to this the lowest poseiblo
rate at shich the oity oan afford to sell tho water is 30,1634,

A pinimm rate ehould be fixzed e0 as not to dis oourazs the use
of water boyomd a ocertain point for sanitary reasons. Water chargos
ray de doevided into two partsy ome ,those expenses of opovetim
reading meters and othor sirilar work which dess not depend umon
the quantity of water pumpeds secoond thooe expenses such as fuol
eot, which are dependent on the ghantity pumped. A common way of
deviding thie is to say that sowe porportion,as oms third,of the
apense is sgainat the service and to devide this emount, plus n
margin for safoty,say 107, among the serviocas of the odty in pore
rortton to the size of tho service. Some cities charge as low as
$ 1 por sorvioce tut this i1s olearly to low to mcet the axponsc of
maint:ingnce and reaiing the metors. A dDetter charge would be,eny
{ £,00 for a 5/6" service. Ifsome usmers insiast on a larger service
in order to draw watur fastor let them hawe it dBut maks 4t & dasin
for an extra charge. If it is sn sdvantage Reitthen pay for it.
Starting with { 2,00 for a 8/3" service end using round figuros
for tho larger mizes the scal. 1% porportion to tho rate flow
would ve aas follows¥

For 3/4" metor & 34,00
» '1. . 8,00
D ¥ w 13,00
. " " 22,00
| J 3'. " “.00
e 85,00
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Thio scalo has the advantorse that it macee a mbstantéal oharro
for a substantial service whioh 1s ofton not paid for.

“he remaindor 6f the expenase,thatis the 2/5 plus 107
noy bo dovided at aflat rate aony the oconsumsrs 4n vorportion tn
tho quantity deliverad. The use of & sliding scala 1s firnly fixed
tut the above ocmtainsg a1l that Lu noecegsar’ of this idea or is
wicde In raality it orerates as aslicing scale itaalf,
Suppces a Gall uvor bao & 3/4" Boivice at e chargo of ¢ 3,00 for
tho oervics and uses waler al i3 0,10 por 1,000 gallns amoumtling
to { 3,00 The iblal 4s then I 0,20 por 1,000 pallrmas, iieXt eurrosc
anotl:or uacr ha. an 1’ psrviocs wich & chores of £ 12,00 for tho
gervico wnd uscs water at e B Teto, [C,i0 ror 1,000 gallons,
to tho aneunt ol J100,C00. “Hho total cost 8 thon [173,(C fop 170,007
Sellona or [0,2L ras 1,077 galionde

Ll gaiwicon Lo thin eiuy elwuld ho retmiwd arnd paid for
tho pars oo privateo inddvidale. S fire protoction is and ghouvla
onar;cd te (no city and g on tho preperty rietoected, The charco
of {7000 40 & vory fali clarg: {or Stolte

caHMICIAL A ALl e

I Medclinal work 44 Iz raconzary o meei the cost of
congtrucli~: ¢y bor? icsurs. 'roviglion shsuld bo nade for tho
ot of tlse By thoe re 1t g boe rpaivialr agyesed the plant
will have 40 0o raravade Thic iz enly Tcdr ca the precony rensratior
fhould not be reguired te pay only thalr ohore for irTrovemonts
thoe temdf™ta of vhich rey Yo parily onjoyes by futinre goneraticns.
The noat Ircoritart conaldersttion s Lhe menmney of payront of theae
bonds anxd tho longth of timo they eshotld mme.ihe plant should afforc
such rovermics that all tho oporating and maintainence sxpences
will o mot and a surplus sufficient to meet the bonds at thoir
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paturity which should do the end of tho usoful life of the plant.
she aifflcudty o to estinale the averess 1172 ¢ & complex syston
cuvaposad of parts of varying cdurability. or wator works planta
this may bo cssuncd ws thirty youre. Lome parts 23 tie pumps rov
lact onlg ton or £1{tien years shile tae pipe line may de in good
c:ndition aftor thArey yeare of garvice.

Liaers gre tuo melaeds of pooviding fer the booaded Indob’
ness; cne e sotilng acide of 2 cortaln sun fron the camin o
ceoll yoop zuc: that wion 2nvaot~d o2 2 elnking furd will a~unt
te bond freues bezllzc this arount intoreal on the bonds rust o
puld ouch year frorm the ornings of tho rlanti sceond ¢ sot :oilo
a f1x:4 rorrortiom of tho ord:inul &oei in parportivn to the
Jength ol 1ife ¢ that portlon ol tho rlont ¢moidared."?mus 4 o
Lullding hoe aprobadbls 11fe of Nypaare the <rpreclation sot aside
suld Yo 7 of the firuyt cost. In this mothod th: fotal cost will
"huve boon sobl eside et the and of the twonty vyearm. This rothod
¢ the more oommon and is on the vafs side. If howovor thus fimd
18 ndt allowed to socowrmlato 2nd is turmod {ntc the genernl funds
of the citiy,as is often dome,t 2rc will 'bo nothing on hand to
Lot tho boixlee In this way a double burden is laid on thr futurc
whioh s nmanifaatly unjusts ifor private c-mpanies earning a foir
proflt 1t 1a botier to invea® ‘he eastizziel depreciation in the
businoos than o eatablish a #inking fEnd dut for mnmicipal worte
the roverse 18 true. :unicipal plantd are supposed to moet only
oxponses and are not opurated with the ides of payinz dividends.
For a compariscn of the {wo methods suppose a plant coats & 20,000
aixli may be expooted to last twoenty yoaras, Leprocgiation would de
estimatod at [y of the cost or § 1,000,00 per yemr. If this -mmmt
wore allowed to aocmulate at the and of twoenty years the bdodds
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ocould be met by the § 20,000,00 on hand, If a sinking fund were est
ablished at say 7% interest: the amount necessary to be set aside
anmualy would he § 707.20 on the total ambunt paid into the fund
would be ¢ 14,144.00,

This method is beleived to be the beiter plan for Mun-
iocipal plants and if falthfully followed will place them on a
sound finangial basis. The great difficulty in oity finance is
to follow the same principies as in private snterprisss,and the

carelessness and lack of fore sight in carrying on the busilness,
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